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During World War IL, Eastern Industries pio- 
neered cooling systems for aircraft electronic 
systems. Now, thousands of installations later. 
and as the leader in this challenging field. 
Eastern is still pioneering. 

Experience has been a springboard to new de- 
velopments . . . compactness, simplification, re- 
frigeration cycles. Research and development 
.. | continue to play their vital parts in perfecting 
systems to overcome the new problems as ex- 
panded aircraft performance produces fantastic 
rises in temperatures. 


If you have a challenging problem, come to the 


leader in the field for complete and creative 
engineering help. 


REFRIGERATION-TYPE 


Ss 


COOLING UNIT 


ELECTRONIC TUBE COOLING UNITS 


Custom-made units, with or without refrigeration 
cycles, provide a method of maintaining safe 
operating temperature limits in electronic equip- 
ment. Standard sub-assemblies and components 
normally are used to create a custom-made de- 
sign to fit your exact needs. Costs are minimized 
for these completely self-contained units by com- 
bining heat exchangers, fans or blowers, liquid 
pumps, reservoirs, flow switch, thermostat, and 
other common components. | 


Write for Eastern AVIONICS BULLETIN 340 


a PIONEER OF THE THERMAL FRONTIE 


INDUSTRIES, INC. 


100 Skiff St., Hamden 14, Conn. 
West Coast Office: 1608 Centinela Avenue .* Inglewood 3, California 
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Probably the widest wheel ever built for its rolling diameter, it’s 
of forged magnesium by Goodyear — mounts dual tires, 
saves weight, stays within space limitation. 


Goodyear Tri-Metallic Brakes are the key to the braking ability 
of the B-58. Non-insulating-type lining allows up to 50% 
increase of kinetic energy absorption per pound of brake. 


ON MAIN WHEELS AND BRAKES 


f 


Main wheels and brakes for the Convair 
B-58—designed, engineered and produced by 
Goodyear Aviation Products to meet 

this foremost jet bomber’s space, speed 

and load requirements. 

For information on advanced wheel and 
brake engineering, write: Goodyear, Aviation 
Products Division, Akron 16, Ohio, or 

Los Angeles 54, California. 


AVIATION 
PRODUCTS 


More aircraft the world over land on Goodyear 
Tires, Wheels and Brakes than on any other kind! 


3 
| 
| 
4 
j 
FORG ¥ 
a ary = ¥ 
2 
4 
— 
5 
n 
D*YEAR 


PUBLICATION STAFF 
Editor: Welman A. Shrader TECHNICAL ADVISERS 
Managing Editor: Rita J. Turino W.R. Sears © Robert R. Dexter ©  S, Paul Johnston 
Assistant Editor: Allan Bernhardt 
INESS STAFF 
Reviews Editor: Irene W. Bogolubsky 
vertising Manager: Joseph P. Ryan 
Book Reviews Editor: John J. Glennon Business & Production Manager: Hugh C. Judge 
Editorial Assistant: Helen S. Goldman Assistant Production Mgr.: D. C. Lombardi 
Vol. 
EDITORIAL ADVISORY COMMITTEES | 
Aircraft Design, Structures, & Materials Air Transport & Operations 
A. Francis Arcier Alexander Kartveli Charles Froesch 
Wellwood E. Beall Kendall Perkins J. A. Herlihy 
William B. Bergen Richard L. Schleicher John C. Leslie 
Fred N. Dickerman Edgar Schmued William Littlewood 
Robert L. Hall Igor |. Sikorsky R. W. Rummel 
Edward H. Heinemann Ernest G. Stout R. Dixon Speas 
s Harold D. Hoekstra Kirby F. Thornton 
C. L. Johnson Walter Tydon 
Electronics 
“: Flight Propulsion K. C. Black 
Bruce G. Eaton, Jr. | 
George W. Brady W. G. Lundquist 
Dimitrius Gerdan Abe Silverstein David S. Little IA 
Leonard S. Hobbs Philip B. Taylor Frank Mansur TA 
R. P. Kroon ES. Thompson John Margosian Da 
Everard M. Lester Raymond W. Young P. C. Sandretio | Ed 
Ae 
Instruments Int 
Preston R. Bassett Frank R. Cook Specialties 
Victor E. Carbonara Richard M. Mock Robert J. Benford, M.D. 
Charles H. Colvin Walter H. Skidmore Melvin N. Gough 
R. C. Sylvander Jerome Lederer 


SUBSCRIPTION RATES 

Aeronautical Engineering Review: United States and possessions, 1 year, $3.00; single copies, $0.50. Foreign countries including Canada 
(American Currency Rates), 1 year, $3.50; single copies, $0.50. 

Entered as second-class matter at the Post Office, Easton, Pa., April 29, 1942. Acceptance for mailing at a Special Rate of Postage as provided 
for in the Act of August 24, 1912. 

Publication Office: 20th & Northampton Streets, Easton, Pa. 

Editorial Office: 2 East 64th Street, New York 21, N.Y. Notices of change of address should be sent to the Institute at least 30 days prior to 
actual change of address. 


' tatements and opinions expressed in the Aeronautical Engineering Review are to be understood as individual expressions and not those of the 
nstitute. 


© Copyright, 1957, by the Institute of the Aeronautical Sciences, Inc. 


2 


- 
} a a 
Be 
4 


3 eronautical 
on 
ngineering 
Vol. 16—No. 11 November, 1957 as | WV |_| Ww 
¢c O N T E N T S 
5 | 
Notes on Problems in Combustion Instability of Rocket Motors......... 
ins 
Take-Off and Landing Distance and Power Requirements of Propeller- 
Driven STOL Richard E. Kuhn 38 
Aids to Inertial Navigation....... Frederick Stevens and Frank W. Lynch 43 
An Aerodynamic Screen for Jet Engines.............. ..Harold Klein 48 


Around the Requirement in Thirty Minutes.......................... 
Rear Adm. D. J. Welsh, USN 54 


The SeaMaster: Its Development and Some Considerations From the 


Clear-Air Turbulence Over the United States...........LeRoy H. Clem 63 

Business Aircraft for the Future......................Allan Bernhardt 69 
EAD Bowes Motes... 17 Special IAS 153 
30 Personnel Opportunities...................... 161 
97 New Products and Product Literature..... 163 


Cover—The Sixth Anglo-American Conference, IAS-RAeS, was held in 
London and Folkestone, Great Britain, September 1-15, 1957. British 
aircraft, including the Fairey Delta 2 pictured, were viewed by dele- 
gates at the SBAC Flying Display at Farnborough. For a report on the 
Conference, see the Editorial, pp. 30-33. 


Published Monthly by the 
Institute of the Aeronautical Sciences, Inc. 
2 East 64th Street, New York 21, N.Y. 
TEmpleton 8-3800 
Western Office: 7660 Beverly Bivd., Los Angeles 36, Calif. 


4 

4 

| 
if 
mst 

| 
; 


Less than 1% amplitude modulation caused by mechanical 
excitation is noted at 100G, 6 milliseconds shocks or at 
20G's vibration from 20-2000 cps in the new rugged 
Radiation, Inc., 5}0w telemetering RF amplifier. It is tunable 
through the 215-245 mc range to 70,000 feet altitude with 
the same outstanding dependability as at sea level. The 
amplifier is a space-miser, too, as illustrated in its actual 
size photo above. 


To meet these environmental, electrical and physical speci- 
fications, exacting Radiation, Inc., engineers selected the 


EITEL-McCULLOUGH, INC. 


CA LIF N 
Ecmac ‘Free with ceramic tubes that can take 


S AR BRUNO > 


Compact, rugged RADIATION, INC. 
airborne telemetering RF amplifier features 
EIMAC ceramic 4CX300A tetrode 


Eimac 4CX300A ceramic power tetrode for the final am- 
plifier. This 300 watt tube conservatively generates the 
RF output of the Model A-3052-1 amplifier with only 2 watts 
driving power. 


The 4CX300A offers the advantages of dependability and 
performance inherent in the extensive Eimac ceramic trans- 
mitting and receiving tube family. 


4CX300A RF power amplifier or oscillator 
Class-C Telegraphy or FM Telephony 


MAXIMUM RATINGS 


D-C Plate Voltage ... . . 2,500 max. volts 
D-C Screen Voltage .... 300 max. volts 
D-C Grid Voltage .. . . . . —250 max. volts 


D-C PlateCurrent ..... 250 max. ma 

Plate Dissipation ...... 300 max. watts 
Screen Dissipation ..... 12 max. watts 
Grid Dissipation ....... 2 max. watts 
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KEEPING INSTRUMENTATION 
A STEP AHEAD OF SPEED 


AVIONICS IN ACTION AT BURROUGHS: 
FROM RESEARCH AND DEVELOPMENT 
TO PRECISION MASS PRODUCTION 


Today's dramatic new developments in aircraft per- 
formance demand equally dramatic new developments 
in flight instrumentation. And Burroughs is assuming 
ever greater responsibilities in this field through its 
work in the brand-new science of avionics. 


Examples? Past experience in mass production of such 
instruments as altimeters, accelerometers and gyros. 
Plus, of course, extensive research and development 
in totally new concepts of flight instrumentation. And 
in all these enterprises, reliability consistently keynotes 
our performance. 
We have, too, the capabilities and facilities for further 
research and development in this fast-moving field. 
And in all areas of our proved responsibility and 
competence—not only instrumentation but control sys- 
tems, electronic computation, communications, data 
processing and others—we stand ready to see de- 
fense contracts all the way through. Yes, from pre- 
liminary research to installation and field service. 


Write, call or wire Burroughs Corporation, Defense 
Contracts Organization, Detroit 32, Michigan. Or 
Burroughs Defense District Offices: Paoli, Pa. © Dayton, 
Ohio, 3898 Linden Ave. ® Encino, Calif., 17071 Ventura 
Blvd. © Washington, D.C., 1739 °H" St. N.W. 


BURROUGHS 


THE FOREMOST NAME IN COMPUTATION 
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Because HIS LIFE depends on it... 


@ ... nothing is left undone to make the Relief Valve in the fuel 


pump, the Safest, the most Dependable, the Lightest valve possible 


with today’s skills and materials. 


Fluid Regulators Corp. is a Major Designer and Producer of 


Relief Valves for jet fuel pumps. 


id 
Designers and Producers of Aircraft 

Hydraulic and Fuel Valves. Re gul of for Ss | 


CORPORATION 
313 GILLETTE ST. + PAINESVILLE, OHIO 
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Brazed all-metal honeycomb sandwich saves 
vital pounds in high-speed missiles 


HEAT AND STRESS RESISTANT materials 
are of vital importance in the 
exciting area of missile technology. 
Stainless steels and high alloys are 
the best bet to date for hot-speed 
applications —but the specific gravi- 
ties of these materials present a 
problem. Solar advanced technology 
has helped solve this problem with 
all-metal honeycomb sandwiches. 
Solite®—a steel and high alloy 
sandwich structure developed by 
Solar—is a brazed material of foil- 
thin ribbons bonded between metal 
skins. It is lightweight, has remark- 
able heat resistance at speeds 


approaching Mach 3 and can with- 
stand pressures that would crumple 
unstructured metals. 

Large new electric furnaces—the 
only ones of their type—were 
designed by Solar to braze the 
sandwich structures. In addition to 
stainless steel, various high alloys 
are used for the honeycomb cores, 
and research in the use of other 
metals is in progress. For more than 
a decade Solar has placed special 
emphasis on guided missile technol- 
ogy —developing new metalworking 
techniques for the missile age. 
Solar’s versatile missile team is 


available now! For more informa- 
tion write to Missile Engineering, 
Dept. D-97, Solar Aircraft Com- 
pany, San Diego 12, California. 
Designers, developers and manu- 
facturers of gas turbine engines, 
expansion joints and aircraft engine, 
airframe and missile components. 


SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO 
OES MOINES 


ENGINEERS WANTED Unlimited oppor- 
tunities, challenging projects, good living 
with Solar! Write for new brochure. 


AERONAUTICAL ENGINEER ING 
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FLUOREX Penetrates Thicker Sections... 
Shows Better Detail! 


” 


Now you can “see” through thicker, heavier 
castings, welds and assemblies with unsurpassed 
detail, definition and resolution. The Fluorex® 
Image Intensifier, a product of Westinghouse 
research and engineering, assures rapid, accurate 
fluoroscopic inspection; lets you see more, faster. 
Other advantages are daylight viewing (because 
image is so bright), and a field no larger than the 
eye can view comfortably. Fluorex can be 


you CAN BE SURE...1F ITS 


Westinghouse 


quickly adapted to your existing X-ray inspec- 
tion equipment. 

Whatever your X-ray inspection problem 
may be, our staff of Industrial X-ray Engineers 
can help you solve it with Westinghouse fluoro- 
scopic or radiographic equipment. Write today 
for complete information: Westinghouse Elec- 
tric Corporation, X-ray Department, 2519 
Wilkens Avenue, Baltimore 3, Maryland. 5-08352 


INDUSTRIAL X-RAY 


Westinghouse Electric Corp. 
X-RAY DEPARTMENT 
2519 Wilkens Avenue 


Baltimore 3, Maryland 
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saving 
reported with J&L hot extruded cold drawn | 
pawl section 


This pawl was previously milled from a 34’ x 114” hot rolled 
oil hardening tool steel. Conversion to a cold drawn extruded 
section cut cost from 45¢ to 22¢ per part. 


Red area shows scrap loss before 


conversion to extruded section 


Here’s how extruded sections can cut your cost: 


1. Eliminate machining and finishing operations. 
2. Reduce scrap losses almost to zero. 
3. Eliminate cost of casting and forging intricate sections. 


4. Reduce inventories because extrusions are quickly 
available. 


Investigate this new production technique for your shape 
profiles—within present limits of a design which can be 
inscribed in a three-inch circle. Available in a wide range of 
carbon and alloy steels. For specialty alloy and tool steels, 
submit inquiry. Get complete details by writing to the 
Jones & Laughlin Steel Corporation, Dept. 526, 3 Gateway 
Center, Pittsburgh 30, Pennsylvania. 


Jl Jones & Laughlin 


STEEL ...a great name in steel 
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First 
Unmanned ‘Copter 


The successful maiden flight of Kaman's pilotless helicopter 
has added a new concept to military strategy. Flown 
entirely by remote control, the variety of missions possible 
with these ships is almost limitless. Using the Kaman robot 
as a flying TV or motion picture camera, complete battle- 
field surveillance and target marking are available without 
hazard to personnel. Also possible is the entry of the 
robot helicopter into contaminated or hazardous areas. 
The control station is portable and can be operated 
from the ground or in cir to air operations. Mission equip- 
ment such as cameros, weapons, target markers and 
detonators can be actuated at the control station. 
Kaman is proud of this forward step which has been 


" a taken in behalf of our National Defense effort. 


KAMAN 


THE KAMAN AIRCRAFT CORPORATION 


Bloomfield, Connecticut 
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AiResearch Cam-Piston Air Motors 
function with complete reliability at 
extreme temperatures—require 
no conventional lubrication or cooling 


Here are air motors that operate 
dependably far beyond the tempera- 
ture limits of electronic and hydraulic 
units. 

Using bleed air asasource of energy, 
the output of the air motor is almost 
linear with inlet pressure, allowing 
maximum efficiency through a wide 
range of operating conditions. High 
horsepower and torque to weight 
ratios are obtained by displace- 
ment volume per revolution exceed- 


1957 


SPECIFICATIONS 


Model Numbers ........... ++. CM-710 

* (illustrated) 
13.3 
Max. Dia. Envelope (in.)...... 4.0 3.2 2.5 
Output at 200 psig supply 
pressure and 1200 rpm (hp).... 18.5 9.1 4.2 
Starting Torque at 200 psig 
supply pressure (inch-pounds)... 1800 890 400 


ing the overall volume of the motor. 
Motor acceleration is extremely 
fast —less than .05 second in most 
applications. Low rotating speeds — 
from 100 rpm to 2500 rpm — make 
gear reduction unnecessary and mini- 
mize problems of over-speed control, 
rotational stresses and wear. 
Flexibility of the basic design 
allows for a wide range of motor sizes 
— from less than 1 hp up to 300 hp — 
depending on the available pressure 


supply. Length vs. diameter shape 
can be changed by varying the num- 
ber of pistons and/or the piston diam- 
eter and stroke. 

When coupled with a ball screw 
which may retract within the full 
length of the motor shaft, the cam- 
piston air motor has wide application 
as a compact, high-performance 
linear actuator in high temperature 
pneumatic power control systems. 

Your inquiries are invited. 


+ Outstanding opportunities for qualified engineers 


THE (-7.\ CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45. California... Phoenix. Arizona 


Designers and manufacturers of aircraft and missile systems and COMPONENLS : REFRIGERATION SYSTEMS * PNEUMATIC VALVES AND CONTROLS * TEMPERATURE CONTROLS 
CABIN AIR COMPRESSORS + TURBINE MOTORS * GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS * HEAT TRANSFER EQUIPMENT * ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 
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® 
Flexon 


Afterburner Cooling Assembly 
Gangs Straight Wall Tubing 
For High Strength, Light Weight 


A minimum weight plus complex 
fabricating problems were critical fac- 
tors in the development of this after- 
burner cooling blast tube assembly. 

The space envelope was shallow and 
wide and over six fect long. The as- 
scmbly was required to be tested at 28 
psig with collapsing pressure of —2.5 
psig and at a temperature of 250° I’. 

I'lexonics answered the need by 


End view of afterburner cooling assem- 
bly. Note rectangular shape of ends. 


forming standard High Strength weld- 
ed tubing into a gang. Ends of the 
tubes were formed to a rectangular 
shape to adapt them to the required 
end fittings. The tubes are held to- 
gether with welded bands as the illus- 
tration of the unit shows. Tabs are 
provided for mounting in the airframe. 

Tubing used in the assembly is 
1.625” O.D. by .011” wall thickness. 
Type 321 High Strength stainless steel 
is used, with ultimate of 100,000 psi. 


Facilities are the Key Factor 


In the enginccring, fabrication and 
proving of assemblies such as this, fa- 
cilities are all important. As the pio- 
necr and leading manufacturer of light 
weight corrosion resistant flexible as- 
scmblics and ducting, I'lexonics Cor- 
poration has facilitics second to none. 

The enginccring skill of Flexonics 
Corporation is proved by the scores of 
developments already made ranging 
from single flex connectors to entire 
aircraft ducting systems. 


1957 


ducting and components | 


NOW, FROM FLEXONICS 
A COMPLETE LINE 
OF FLEXIBLE CONNECTORS 
AND DUCTING 

With the acquisition of FLEX-0-TUBE Division, 
Flexonics Corporation is now able to offer a 
complete line of rubber, synthetic and Teflon 
hose assemblies and crimped-on and re-usable 
fittings. Write for full information. 


engineering and design briefs 


The manufacturing know-how of 
Flexonics Corporation is proved by the 
daily trouble free production of intri- 
cate assemblics and by such develop- 
ments as the re-deposition process of 
forming ducting componcnts. 

The ability to prove assemblies be- 
fore their installation in aircraft and 
engines is assured by the extensive 
Flexonics laboratories capable of the 
most advanced testing procedures. 


Engineering Assistance 

Whenever you have a problem in- 
volving aircraft plumbing, take advan- 
tage of the know-how and facilities of 
Flexonics Corporation. For specific 
recommendations send an outline of 
your requirements. 

For help right at your desk, write 
for information on how qualified per- 
sons can secure copics of the new 
Flexonics Engineering Manual. 


Complete afterburner cooling assembly. 
Note use of straps to gang the tubing. 


Ducting system test in the Flexonics labs. Shown is a portion of vibration and flow 
under pressure tests of assemblies in a bleed air system for a current fighter aircraft. 


AIRCRAFT DIVISION 


Fiexonic oryporation 


1309 S. Third Ave., Maywood, Ill. 
In Canada: Flexonics Corporation of Canada, Limited, Brampton, Ontario 
Also Manufacturers of: Industrial Hose ¢ Expansion Joints ¢ Bellows * Thermostats 
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DOUBLE 
DIAGNOSIS 
TO PREVENT 


“HEART DISEASE” 


 JETCAL 


Two of the most important factors that affect jet engine life, efficiency, and safe 
operation are Exhaust Gas Temperature (EGT) and Engine Speed (RPM). Excess 
heat will reduce “bucket” life as much as 50% and low EGT materially reduces 
efficiency and thrust. Any of such conditions will make operation of the aircraft 
both costly and dangerous. The JETCAL Analyzer predetermines accuracy of the 
EGT and (interrelatedly) Tachometer systems and isolates errors if they exist. 


The JETCAL ANALYZES JET ENGINES 10 WAYS: 


1) The Jetcat Analyzer functionally tests 
EGT thermocouple circuit of a jet aircraft or 
pilotless aircraft missile for error without 
running the engine or disconnecting any wir- 
ing. GUARANTEED Accuracy is +4°C, at en- 
gine test temperature. 

2) Checks individual thermocouples ‘‘on the 
bench” before placement in parallel harness. 
3) Checks thermocouples within the harness 
for continuity. 

4) Checks thermocouples and paralleling 
harness for accuracy. 

5) Checks resistance of the Exhaust Gas 
Temperature system. 

6) Checks insulation of the EGT circuit for 
shorts to ground and for shorts between leads. 
7) Checks EGT Indicators (in or out of the 
aircraft). 

8) Checks EGT system with engine removed 


from aircraft (in production line or overhaul 
shop). 


9) Reads jet engine speed while the engine is 
running with a guaranteed accuracy of +0.1% 
in the range of 0-110% RPM. ype A 
the TAKCAL circuit can be used to troub 
shoot and isolate errors in the aircraft tachom- 
eter system. 


10) Jetcat Analyzer enables engine adjust- 
ment to proper relationship between engine 
temperature and engine RPM for maximum 
thrust and efficiency during engine run (Tab- 
bing or Micing). 

ALSO functionally checks aircraft Over- 
Heat Detectors and Wing Anti-Ice Systems 
(thermal switch and continuous wire) by 
using TEMPCAL Probes.. Rapid heat rise .. . 
3 minutes to 800°F! Fast cycling time of 
thermal switches . . . 4 to 5 complete cycles 
per minute for bench checking in production. 


B&H INSTRUMENT Co., INC. 
3479 West Vickery Blvd. * Fort Worth 7, Texas 


Sales-Engineering Offices: 


Tests EGT System Accuracy to 
+4°C at Test Temperature 


(functionally, without running the engine) 


Tests RPM Accuracy to 10 RPM 
in 10,000 RPM (==0.1%) 


The JETCAL is in worldwide use . . . by the 
U. S. Navy and Air Force as well as by major 
aircraft and engine manufacturers. Write, 
wire or phone for c I informati 


VALLEY STREAM, L.I., N. Y.: 108 So. Franklin, LO 1-9220 @ DAYTON, O.: 209 Commercial Bldg., MI 4563 @ COMPTON, CAL.: 105 N. Bradfield St., NE 6-8970 
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SPS Hi-Ti titanium aircraft bolts are regularly manufactured in four standard configurations: internal wrenching tension bolts, 


12-point external wrenching tension bolts, hexagon head external wrenching shear bolts, and flush head internal wrenching shear bolts. 
Weighing 43% less than steel bolts of equivalent dimensions, they can save you as much as 1000 Ib. per airframe—with no loss in strength. 


SPS Hi-Ti titanium bolts help you build 
lighter airframes without sacrificing strength 


HI-Ti versus Alloy Steel BOLT 


STEEL A comparison of typical 
HI-Tl mechanical properties 


RELATIVE WIGHT 0.57 
* TENSILE STRENGTH (psi) 174,500 


* TENSILE STRENGTH- 174,500 


FATIGUE STRENGTH (psi) 
at 8,000,000 CYCLES 
(with 10% preload) HE 50,000 


STRENGTH-TO-WEIGHT 
RATIO at 
PEAK STRENGTH . £7,500 
* ELONGATION (%) | wed 


* REDUCTION IN AREA (%) 56.6 


— goge specimen made 

Hi-Ti vs. alloy steel. Tensile, elongation and reduction area 
properties are based on the performance of bolt gage specimens. 
Endurance limit was determined by subjecting bolts to tension 
load alternating between maximum and 10% preload for a 
total of 8,000,000 cycles without inducing failure. Significant 
comparison is the strength-to-weight ratio at endurance limit. 


SPS Hi-Ti titanium bolts help you solve the problem of 
reducing airframe weight without compromising strength. 
They weigh 43% less than alloy steel bolts of the same size. 
One lb. of them can do the work of 134 Ib. of steel bolts. 
Yet in tensile-strength-to-weight ratio and fatigue resist- 
ance, they outperform steel. 


Once considered a laboratory curiosity, titanium bolts 
have for some time been standard production items at 
SPS. Hi-Ti bolts are found in many advanced design 
operational aircraft. This is because SPS—producer of the 
first successful titanium aircraft bolt—invested over 
$500,000 and several years of high priority research in 
learning how to deal with this promising but sensitive 
metal. Today SPS has the most extensive facilities in the 
industry for the production and testing of titanium fasteners. 
As a result, we can give you both the technical assistance 
and the delivery you need to utilize fully the advantages of 
titanium bolts in your current airframe projects. 


For more information on Hi-Ti titanium aircraft bolts, 
write Aircraft Products Division, STANDARD PRESSED STEEL 
Co., Jenkintown 58, Pa. 


STANDARD PRESSED STEEL CO. 
AIRCRAFT PRODUCTS DIVISION § 


JENKINTOWN PENNSYLVANIA 


14 
| 
he 
1.00 
| 
| 


AERONAUTICAL ENGINEERING REVIEW—NOVEMBER, 1957 15 


Its, 
Its. 
th. 


of 
th. | 
Ze. 
Its. 
ist- 
pai | RCA offers a line of “DRIFT” TRANSISTORS specifically designed and controlled for operation 
an in mass-produced electronic equipment at operating frequencies up into the VHF band. 
the New horizons in the design of mass-produced equipment operating well into the VHF band are now practical 
ver with the commercial availability of RCA p-n-p “Drift” transistors. These transistors offer many excellent fea- 

in | tures to equipment designers. Some of these features are: low base resistance, low feedback capacitance, high 
ive | alpha-cutoff frequency, controlled input and output impedances, and controlled power gain characteristics to 
the | insure unit-to-unit interchangeability. Design benefits are: high input-circuit efficiency, excellent high-fre- 
ae quency operating stability, good signal-to-noise ratio, good automatic-gain-control capabilities, and wide range 
ae of input signal levels. Additional features include high power dissipation and 
nae rugged mechanical construction. RCA FIELD OFFICES 

For superior-quality semiconductor devices, your best choice is always 
RCA. For sales information on these and other RCA TRANSISTORS, con- tadiaes ace ‘ 
Its, tact the RCA field Office nearest you. For technical data on specific RCA RE ee. 
EEL types, write RCA Commercial Engineering, Sec. K-87-NN, 
omerville, N. J. 
West: 6355 E. Washington Bivd. 
0. Los Angeles, Calif. RAymond 3-8361 
Gov’t: 224N. Wilkinson Street 
RADIO CORPORA TION OF AMERICA Dayton, Ohio, HEmlock 5585 
Semiconductor Division Somerville, N. J. 1625 *'K'" Street N.W. 

NIA Washington, D.C., District 7-1260 
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gives you 
true 
automation 
welding 


i 


This control contains and high 
production features, which are desired by the 
most discerning welding engineers. It's the |os! 
word in the automatic control of precision fusion 


welding. 


*Trade Mark of Weltronic Co. 
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Precision Welds 
Cleaner Welds | 
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It satisfies the difficult welding requirements en- 
countered in jet engine fabrication, and in hard- 
to-weld alloys, such as titanium and the high 


temperature stainless steels. 


AC & DC motor controls, are current and arc 
voltage regulators, electronic sequence timers, 
flexible programming adijustors—all electrica! 
apparatus, except the motors, are inter-wired 
in the compact console, accurate to resistance 
welder specifications. 


Write for Descriptive Literature. 
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November 1957 


W. STUART SYMINGTON, Senator from Missouri and former Secretary of 
the Air Force (1947-50), will be the Principal Speaker at the Institute's 26th 
Annual Meeting Honors Night Dinner - at the Sheraton-Astor Hotel, Tuesday , 


January 28. 


Plans for the meeting call for sessions on missiles, satellites 


and gravity. A story on how the meeting is shaping up will appear in next 
month's Review. 


A HANDBOOK FOR CORPORATE MEMBERS, designed to provide 
source information for their educational aid programs, is being 
compiled by the IAS Engineering Career Development Committee 
with publication scheduled for this month. Information for develop- 
ment and improvement of these programs will cover background 
data, youth motivation, aid at the primary and secondary school 
level, and aid at the college and university level. 


THE DECEMBER REVIEW will contain an Index to Volume 16, covering issues 
from January to December, 1957. All technical articles, Institute news, edi- 
torials, and necrology for the year will be listed. Articles will be indexed 
according to aeronautical subject in one section, and according to author in 


another. 


THE INSTITUTE WAS SADDENED to hear of the death of Harold 
Gatty (AF), who flew around the world with Wiley Post in 1931, and 
Commander Jack J. Tomamichel (M), who became a Navy pilot in 


3935. 


Nov. 7-8 


Dec, 17 


1958 
Jan. 27-30 


Mar.13-14 
May 12-14 


July 8-11 
Sept. 8-13 


NATIONAL MEETINGS CALENDAR 


Weapons System Management (National Midwestern Meeting. ) 
Statler-Hilton Hotel, Dallas, Texas. 


Wright Brothers Lecture, Natural History Building Auditorium, 
Smithsonian Institution, Washington, D. C. "Hypersonic Flight 
and the Re-Entry Problem" by H. Julian Allen. 

Twenty-Sixth Annual Meeting, Sheraton-Astor Hotel, New York. 


Flight Propulsion Meeting (Classified), Hotel Carter, Cleveland. 


National Midwestern Meeting on Guided Missiles, Hotel Chase, 
St. Louis, Missouri. 


National Summer Meeting, ‘Los Angeles, California 


First International Congress, International Council of the Aero- 
nautical Sciences, Palace Hotel, Madrid, Spain. 


pots 
\ 
[AS News Notes 
> 
ey 
é 
4, 
Teac 
| 
é 
| 
4 
A 
: 
ae 


June 


June 


Nov. 
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Nov. 


Nov. 


Nov. 
Nov. 
Nov. 
Nov. 
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Nov. 


Nov. 


Mar. 


Nov.. 


17-21 


2-4 


19-21 


12 


12 


12 


13 


14 


18 


19 


20 


21 


22 


26 


JOINT MEETINGS CALENDAR 


1958 Nuclear Congress, International Amphitheatre, Chicago. 
Coordinated by Engineers Joint Council. 


National Telemetering Conference, Lord Baltimore Hotel, Bal- 
timore, Maryland. Sponsored by IAS, ARS, ISA and AIEE. 


1958 Heat Transfer and Fluid Mechanics Institute, University of 
California, Berkeley. Cosponsored by IAS. 


SEC TION MEETINGS CALENDAR 


Indianapolis Section: Specialist Meeting, Union Building, Pur- 
due University, 7 p.m. ''The B-58"' by Kent Campbell. 
Philade. phia Section: Joint Dinner Meeting with Franklin Insti- 
tute, at the Institute. (Social hour at 6,dinner at 7.) "Approaches 
to Scientific Planning'"' by Felix A. Kalinski. 

Los Angeles Section: Specialist Meeting, IAS Building, 7:30 p.m. 
"Prediction of Transient Performance of Diffuser-Engine Sys- 
tems" by Alan C. Brown. 

Tulsa Section: Dinner Meeting, Western Village. (Social hour 
at 6:15, dinner at 7.) ''Human Factors in Space Flight" by E.B. 
Konecci. 

Washington Section: Dinner Meeting,Occidental Restaurant. (So- 
cial hour at 6, dinner at 6:45.) "Turbine Transports in Civil 
Operations" by James Pyle. 

Texas Section: Specialist Meeting, Arlington State College, 8 


p.m. "IGY and Vanguard" by J. Wallace Joyce. 


Baltimore Section: Specialist Meeting, Westinghouse Air Arm 
facility, Friendship Airport, 8 p.m. "Aircraft Nuclear Pro- 
pulsion" by William C. Cooley. 

Cleveland-Akron Section: Specialist Meeting, Akron. "Army- 
Navy Aircraft Instrumentation Program" by Commander G. W. 
Hoover, USN. 

Kansas CitySection: Specialist Meeting, American Legion Build- 
ing. 'Boundary-Layer Control for Short Takeoff and Landing" 
by Harry C. Higgins. 

Chicago Section: Joint Dinner Meeting with IIT-ARF Mechanics 
Colloquium, Illinois Inst. of Technology, 6:30 p.m. "The Van- 
guard Earth Satellite Program" by Joseph W. Siry. 

Los Angeles Section: Dinner Meeting, IAS Building. (Social hour 
at 6,dinner at 7.) ''Report on 1957 Farnborough Show" by W. E. 
Gasich. (Followed by panel discussion. ) 

Los Angeles Section: Field Trip, Kaiser Steel, Fontana, Calif. 
Supper at 6:30, tour at 7. 

Log Angeles Section: Specialist Meeting, IAS Building, 7:30 p.m. 


"Aerodynamic Characteristics of Low-Aspect Ratio Dart Con- 
figurations" by J. W. Hindes. 


= 
aa 
q 
5 
dee 
. 
= 
— 
= 
2 
as 
a> 
| 
Chee? 
= 
| 


Th 


B 
a 


Republic F-105 canopy in front of 
standard test acceptance grid. Any 
defect in optics would result in 
distortion of the grid lines. Note 
that the Swedlow stretched acrylic 
Republic F-105 canopy, ina 
compound contour shape is 
virtually distortion-free. 
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View through one side of canopy only. 


Now...on a “production basis”... aircraft 
canopies and windshields in compound contours 
are being fabricated of Swedlow stretched 
acrylic materials... with good optics. 


SWEDLOW “STRETCHED ACRYLICS” 
HAVE AMAZING PROPERTIES 


Stretching of acrylics has been a Swedlow- 

sponsored development over the last few years. The 
process involves the molecular rearrangement of 
acrylic sheeting by appreciable mechanical stretching. 


Results: 
Excellent Optics 
and Visibility 
Greatly Improved 
Toughness 


Higher Resistance 
to Stress Crazing 


Reduced Notch 
Sensitivity 


Swedlow offers highest quality workmanship and 
service, reliable delivery performance, technical 
expertness in formulating and fabricating plastics. 


For full information, write today! 


COS 


mrt 14 


4 gers 


Above: View through two sides of canopy. 


s SWEDLOW “STRETCHED 


ACRYLICS” PROVIDE 


GOOD 
OPTICS 


ON REPUBLIC F-105 


Careful, technically 
accurate efforts go into 
the fabrication of each 
Swedlow stretched 

acrylic part. Republic F-105 
canopy being fabricated 

in Swedlow plant. 


Los Angeles, 
California 


Youngstown, 
Ohio 


Please refer 


to Dept. 13 


Republic’s F-105 Thunderchief, newest supersonic 
fighter-bomber developed to deliver nuclear weap- 
ons and heavier loads of conventional bombs and 
rockets at extremely high speeds over long ranges, 
feature Swedlow-produced stretched acrylic cano- 
pies and windshields. 


The F-105 encompasses such outstanding design 
features as the long, cylindrical fuselage, the short, 
very thin swept-back wings, the needle nose, and 
the ventral fin on the bottom of the aft fuselage 
near the tail. Design based on Area Rule. Wing 
span, over 30 ft. Length, over 60 ft. Powered by 
Pratt & Whitney J-75, 15,000 Ib-thrust class, turbo- 
jet engine plus afterburner. Speed—supersonic. 


as on many other fighters and 
bombers, is also of Swedlow 
stretched acrylic... produced on 
a ‘production basis’’... with 
good optics and contour. 


Swedlow 


PLASTICS COMPANY 


Windshield on Republic’s F-105, 
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LEADERSHIP 


has a large following 


Behind the leadership at Rohr is a large 

company of proven skill... a company of unique 
engineering ability that plays a major role 

in the production of very special aircraft parts. 


Today, Rohr manufactures over 30,000 different 
parts for most of America’s leading aircraft 
builders . . . and is widely known as the world’s 
largest producer of ready-to-install power 
packages for airplanes. 


Today in addition to power packages for many of 
America’s leading military and commercial 
planes, Rohr has been chosen to build complete, 
ready-to-install power packages for great, new 
jet-powered airliners such as the Convair 880, 
the Lockheed Electra Propjet, and the 

Boeing 707 (shown below). 


World’s largest producer of ready-to-install power packages for airplanes. 


AIRCRAFT CORPORATION 


Main Plont and Headquarters: Chula Vista, Calif. 
Plant: Riverside, Calif. 
Assembly Plants: Winder, Georgia; Auburn, Washington 


Career opportunities for engineers and technicians. 


; 


it 
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AS News 


Missile Scientist 
to Deliver Wright Lecture 


H. Julian Allen (F), NACA Medal Winner 
Will Speak in Washington, D.C., on December 17 


A, AERONAUTICAL RESEARCH SCIENTIST who early this year received NACA’s 
highest honor, the Distinguished Service Medal, will deliver the IAS Wright 
Brothers Lecture, at 3 p.m., December 17, at the Natural History Building, Smith- 


sonian Institution, Washington, D.C. 

H. Julian Allen (F), Chief, High 
Speed Research Division, Ames Aero- 
nautical Laboratory, NACA, will dis- 
cuss “Hypersonic Flight and the Re- 
Entry Problem.” 

Mr. Allen, winner of the Institute's 
1955 Sylvanus Albert Reed award, 
has contributed extensive research to 
the understanding of aerodynamics at 
speeds above Mach 5. 


Missile, Wind-Tunnel Expert 


Mr. Allen’s work has made him an 
authority on long-range missile aero- 
dynamics and on the design of tran- 
sonic, supersonic, and hypersonic wind 
tunnels and test facilities. His most 
recent achievement has been the so- 
lution of missile heating problems and 
the discovery of blunting a missile’s 
nose as a design feature to keep tem- 
peratures within acceptable limits. 

His accomplishments also include 
development of a theory for predicting 
forces occurring at supersonic speeds 
on bodies at angles of attack, which is 
useful in high-speed missile and_ air- 
craft design. He has conceived and 
effectively supplied a variety of new 
research techniques and types of equip- 
ment for study of supersonic and hy- 
personic flight. Specifically, he devel- 
oped two types of supersonic nozzles 
which made a wind tunnel a more flex- 
ible and effective tool; the technique 
of firing a gun-launched model upstream 
through a supersonic wind tunnel; 


and two methods for visual airflow 
at supersonic speeds. 


H. Julian Allen 


Blunt Nose Concept 


Mr. Allen received the NACA medal 
5 years after his basic research on blunt- 
ing. The fundamental thoughts behind 
keeping the missile warhead sufficiently 
cool are contained in an NACA Re- 
search Memorandum published in 1953, 
“A Study of the Motion and Aerody- 
namic Heating of Missiles Entering 
the Earth’s Atmosphere at High Super- 
sonic Speeds,” by Mr. Allen and A. J. 
Eggers, Jr. 


21 


A Record of People and Events 
of Interest to Institute Members 


This states, ‘‘A curious finding is that 
the maximum deceleration is independ- 
ent of physical characteristics of a 
missile (e.g., mass, size, and drag co- 
efficient) and is determined only by 
entry speed and flight-path angle, pro- 
vided this deceleration occurs before 
impact... . 

“Tf a missile is so light (ICBM-type 
missiles are considered sufficiently light) 
as to be decelerated to relatively low 
speeds, even if acted upon by low drag 
forces, then convective heating is min- 
imized by employing shapes with a 
high pressure drag, thereby maximizing 
the amount of heat delivered to the at- 
mosphere and minimizing the amount 
delivered to the body in the deceleration 
process. Blunt shapes appear superior 
to slender shapes from the standpoint 
of having lower maximum convective 
heat-transfer rates in the region of the 
nose. The maximum average heat- 
transfer rate per unit area can be re- 
duced by employing either slender or 
blunt shapes rather than shapes of in- 
termediate slenderness. Generally, the 
blunt shape with high pressure drag 
would appear to offer considerable 
promise of minimizing the heat transfer 
to missiles of the sizes, weights, and 
speeds presently of interest.”’ 


Joined NACA in 1936 


Born in Maywood, IIl., in 1910, 
Mr. Allen was graduated from Stan- 
ford University with a B.A. in Engineer- 
ing in 1932. He received the degree 
of Engineer from Stanford in 1935 and 
was awarded the William Roberts 
Eckart prize when his thesis was 
judged the best submitted for the 
degree. 

Mr. Allen joined the staff of NACA’s 
Langley Aeronautical Laboratory as a 
junior aeronautical engineer in 1936 
after a brief period with Shell Chemical 
Company. He was transferred to Ames 
Aeronautical Laboratory, NACA, in 
1940 and from 1941 to 1945 was Chief, 
Theoretical Branch. His current posi- 
tion as Chief, High Speed Research 
Division, of Ames, dates from 1945. 
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Significant shapes 


of today... and the future 


DELTA WING 


.-.on the Convair F-102A supersonic intercep- 
tor, gives a bonus in performance and speed 
with less aerodynamic drag at transonic and 
supersonic speeds. 


DIME* 


AREA RULE 


... fuselage enables the F-102A to pass smoothly 
through Mach 1 with scarcely a tremor of buffet- 
ing at transonic speeds. 


... Shafer Aircraft Bearings are used on F-102A 
control linkages because, size for size, a Shafer 
will deliver more capacity than any other 
self-aligning, anti-friction bearing. 


...is still the most important “shape” today and 
in the future. Shafer Bearings save plenty of 
Dimes in design and production stages and in 
service. Elimination of roller end wear and 
race surface scuffing alone adds to life. And 
Shafer original relubrication-in-service with- 
out disassembly adds 3 to 10 times to the serv- 
ice life of a Shafer Bearing over those not re- 
lubricated. 


*The dime and the Shafer Bearing are shown actual 
size. The bearing is the new RM-4, conservatively 
rated at 1750 pounds in male and female rod ends. 


ROUND PEGS 
IN SQUARE HOLES? 


If that’s the shape you're in with design para- 
meters that seem to call for more bearing capac- 
IN; ity than you can put in the allotted space, why 
not contact your Shafer Aircraft Bearing Spe- 


cialist today, or write for Catalog 54 and get 


the full story. Shafer Bearing Division, CHAIN 
Belt Company, Downers Grove, III. 
CHAI BELT COMPANY 
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Helicopter Development Award 
To Be Given at Annual Meeting 


A new award of national recognition 
for outstanding work in the field of heli- 
copter development has been created from 
the will of the late Lawrence D. Bell and 
will be conferred at the IAS Honors Night 
Dinner in January. 

Known as the Grover E. Bell Award in 
honor of Mr. Bell’s brother who died in an 
aircraft accident in 19138, it will be given 
annually ‘‘to the person or persons making 
an outstanding contribution to helicopter 
development during the preceding calendar 
year in the United States.”” This has been 
provided through a bequest by Mr. Bell 
to The Buffalo Foundation, Inc. The 
award was established to foster and 
encourage research and experimentation. 

The founder of Bell Aircraft Corporation 
specified that the recipient should be 
chosen by a committee of three holding 
these offices: IAS President; American 
Helicopter Society President; and Chair- 
man, Helicopter Council, Aircraft Indus- 
tries Association. 

The first award, including a medal, 
certificate, and cash honorarium, will be 
presented by Bell President Leston 
Faneuf. 


Flight-Test Fellowship 
Worth Almost $5,000 


Financial assistance to the amount of 
nearly $5,000 is assured the successful. 
candidate or candidates in the Institute’s 
competition for its 1958 Flight-Test 
Engineering Fellowship, opened last 
month. 

The Fellowship award has a total value 
of $4,700. Winning candidates pursue 
2 years of graduate study at Princeton 
University. Second-year renewal is con- 
tingent upon satisfactory performance 
during the first year. 

Candidates must be United States 
citizens and possess a Bachelor's degree in 
engineering before June, 1958. 

Application forms may be obtained by a 
request in writing, endorsed by a sponsor, 
addressed to Flight Test, Institute of the 
Aeronautical Sciences, 2 East 64th Street 
New York 21, N.Y. 

The closing date for applications is 
March 1, 1958. 


Two Institute Members 
Form Own Companies 


Two members of the Institute, Thomas 
Wolfe (AF) and Adam Zahorski (AF), 
have formed their own companies’ in 
California—Thomas Wolfe & Associates 
and Zahorski Engineering, Inc. 

Mr. Wolfe’s firm, composed of pro- 
fessional and industrial specialists in 
finance, management, marketing, and 
Government relations, has been organized 
specifically to serve the aviation industry. 
Mr. Wolfe recently resigned his position 
as Director of Requirements, Procurement 
and Distribution, Department of Defense, 
to direct his firm from its offices at 530 
West Sixth Street, Los Angeles. 

Mr. Zahorski’s firm, located at 183 
East Canon Perdido Street, Santa Barbara, 


IAS NEWS 


Honors Night Dinner in January. 


ment of aeronautics. 


nautics. 
ASME, or SAE. 


Arthur E. Raymond to Receive 
Daniel Guggenheim Medal 


Arthur E. Raymond (HF), 1946 President and a Founder Member of 
the Institute, will be awarded the Daniel Guggenheim Medal at the IAS 


The medal is given annually by The Daniel Guggenheim Medal Fund, 
Inc., to honor persons who make notable achievements in the advance- 
Provision for the medal was made in 1928 by the gift 
of a fund from The Daniel Guggenheim Fund for the Promotion of Aero- 
Presentation is sponsored by one of three societies: the IAS, 


Mr. Raymond, Vice-Presi- 
dent—Engineering, Douglas 
Aircraft Company, Inc., was 
selected by a 23-member inter- 
national Board of Award for 
“the development of a long line 
of successful civil and military 
aircraft and for notable con- 
tributions to aeronautics in 
public service.” 

Mr. Raymond has worked 
on nearly all Douglas aircraft 
since 1925 when he joined the 
firm. He delivered the second 
Dr. Albert Plesman Memorial 
Lecture (honoring the late 
founder of KLM Royal Dutch 
Airlines) at Delft, Holland, in 
September. He is a member of 
the National Advisory Com. 
mittee for Aeronautics and the 
National Academy of Sciences. 


plans research and development in the 
fields of structures, electronics, and me- 
chanics, with emphasis on industry 
requirements and problems associated with 
elevated temperatures in aircraft and 
missiles. 

The firm reports that it is working on a 
new type of fuselage structure of light 
weight and high thermal characteristics, 
studies of high thermal aircraft and 


missile wings, use of plastics for insulated 
liquid oxygen tank containers, materials 
subjected to rocket exhaust heat, hy- 
draulic analog instruments, high thermal 
pressure pickups, environmental testing 
equipment, and studies of high intensity 
blasts o structural configurations. 

Mr. Zahorski formerly was Chief of 
Structures, Aerophysics Development Cor- 
poration. 


Necrology 


Major Merwin Kanter 


News of the death of Major Merwin 
Kanter (A) last June has reached the 
Institute. He was 41. 

Major Kanter, a native of St. Paul, 
Minn., entered the Air Force in 1941. 
At the time of his death he was a Research 
and Development Adviser to the Japanese 
Defense Agency. 

He was graduated from the University 
of Minnesota in 1940 with Bachelor 
degrees in chemical and industrial engi- 
neering, and he received a Master’s in 
aeronautical engineering in 1951 from the 
University of Michigan where he majored 
in guided-missile studies and was first in 
his class. 


Major Kanter was in charge of guided- 
missile programing at Patrick AFB prior 
to his Japanese assignment. He _ held 
positions during the war as Supervisor of 
Maintenance at six Air Force flying 
schools and was a test pilot, a research and 
project engineer in the Propeller Labora- 
tory at Wright-Patterson AFB, and later a 
Project Officer, Surface-to-Surface Guided 
Missiles, Holloman AFB. 


Captain John E. Ostrander, Jr. 


The Institute has received news of the 
death of Capt. John E. Ostrander, Jr., 
USN (Ret.) (AF), on June 28. He was 
63. 

Captain Ostrander, who led the first 
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Can you use the talent that built 
1,500 Y-4 bombsights on schedule ? 


These General Mills technicians are representative of the production talent that built more than 
1,500 Y-4 bombsights, 1,500 coordinate converters, 1,400 azimuth and sighting angle indicators 
and 1,400 amplifier and power supply units—and, delivered them to the Air Force on time. Here 
the men inspect a bombsight before it progresses to the next stage of production. 


Because we have the highly skilled Such performance has come to be ex- 
men—and the men have the specialized pected of us and has benefited many 
tools and machines—we produce preci- other customers. We’d like to help No slow-downs for the B-47 — Bomb- 
sion piece parts or complete, complex = with your production problems too. sights ready in advance! During pro- 


Ee duction of the B-47 Stratojet, not 
\ a one was kept from the ready-line 
for lack of a bombsight. The same 


assemblies to meet the most exacting 
requirements. 


i ildi = i Booklet Tells More, explains me- developmental, engineering and pro- 
While building the Y 4 bombsight, chanical and electro-mechanical duction skills that gave the Air Force 
we improved original design, exceeded production facilities. Send to on-time delivery are available to 
USAF specifications. In addition, our Dept. AR-5, Mechanical Divi- speed peers of your products. 
thorough testing facilities assured de- sion, General Mills, 1620 Central 


Ave. N.E., Minneapolis, Minn. 


livery of only perfect instruments. 


General 


MECHANICAL DIVISION 


CREATIVE RESEARCH AND DEVELOPMENT - PRECISION ENGINEERING AND PRODUCTION 
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aircraft squadron to land on the U.S.S. 
“Saratoga,’’ was graduated with distinc- 
tion from the Naval Academy in 1917. 
He attended the Academy’s Postgraduate 
School and later received his Master’s 
degree in mechanical engineering from 
Massachusetts Institute of Technology 
where he specialized in aviation ordnance. 

Posts held by Captain Ostrander 
include Executive Officer and Commander 
of Fighting Squadrons Six and Three; 
Head, Armament Section, BuAer Design 
Division; Navigator and Air Officer, 
USS. ‘“Wright’’; Aviation Member, 
Navy Department War Plans Division; 
Naval Examining Board (Member); and 
Production Superintendent, Naval Air- 
craft Factory. 

Captain Ostrander was born in Moscow, 
Idaho, on September 29, 1894. 


Fidia J. Piattelli 


The Institute has received news of the 
death of Fidia J. Piattelli (AF) on August 
25. Hewas 50. 

Dr. Piattelli was Chairman, Israel 
Society of Aeronautical Sciences, an 
adviser to the Israeli Ministry of Defense, 
and Chief Aeronautical Engineer, Bedek 
Aircraft, Ltd. 


IAS NEWS 


He was born in Rome in 1907 and studied 
at the University of Rome where he 
received doctorates in industrial engineer- 
ing and aeronautical engineering. He 
won the 1933 Rome competition for sail- 
plane design. 

Dr. Piattelli joined Fiat at Marina di 
Pisa as assistant designer in 1935. From 
1936 until his departure for Israel in 
1945, he was Assistant Chief Designer of 
the Reggio Emilia branch of the Caproni 
firm. 

In Israel he was General Manager of 
Maof, Ltd. (Palestine Aircraft Company ) 
until 1948 when he became Head, Engi- 
neering Department, Israel Air Force. 


Edward W. Rice, Jr. 


Word of the death of Edward W. Rice, 
Jr. (A), on June 9 has reached the Insti- 
tute. He was 34. 

Mr. Rice was an engineer for United 
Air Lines, Inc. He also served for 3 
years as an Air Force pilot, flight engineer, 
and instructor. He held a single- and 
multiengine commercial pilot’s license. 

Mr. Rice was a native of Santa Cruz, 
Calif, and a mechanical engineering 
graduate of Stanford University. He also 
attended Texas Technological College. 


> Charles S. Draper (F), Head, Aero- 
nautical Engineering Department, Mas- 
sachusetts Institute of Technology, and 


Director, Instrumentation Laboratory, 
has been awarded the ASME Holley 
Medal. Given for a “‘great and unique 
act of engineering genius,’’ Dr. Draper 
received the award for discovery of a 
revolutionary new principle for controlling 
guns fired from moving platforms at 
moving targets. 


Members on the move... . 


This section provides information con- || 
cerning the latest affiliations of IAS |) 
members. All members are urged to 
notify the News Editor of changes as 
soon as they occur. | 


— = 


Serge A. Alexeeff (M), formerly a 
Weight Engineer, Vertol Aircraft Corpo- 
ration, last May joined the National 
Aeronautic Association as Senior Engineer, 
Structures. 

Capt. Paul J. Burr, USN (AF), formerly 
Executive Director, BuAer Field Activi- 
ties, has been named Director of Mainte- 
nance Division. 

Gerald E. Dodson (A), formerly Project 
Engineer, Angelus Aircraft, Inc., has 
joined the American Aerophysics Corpo- 


ration as a consultant in the organization 
and operation of the firm’s new  fiber- 
glass-reinforced plastic laminate division. 


Michael E. Gluhareff (F) has been ap- 
pointed Engineering Manager, Sikorsky 
Aircraft Division, United Aircraft Corpo- 
ration, to succeed recently retired Igor 
I. Sikorsky (HF). Mr. Gluhareff has 
been in charge of all Sikorsky helicopter 
design, research, and development. 


Richard B. Hubbard (M), formerly 
President, ERCO Division of ACF In- 
dustries, has been elected to the new post 
of Vice-President and Assistant to the 
President, Pacific Airmotive Corporation. 
Mr. Hubbard also is a member of the 
REVIEW Editorial Advisory Committee. 


Gaylord W. Newton (M), Manager, 
Applications Engineering, General Elec- 
tric Company’s Aircraft Nuclear Propul- 
sion Department, has been appointed a 
civilian consultant to the technical advis- 
ory panel on aeronautics for the As- 
sistant Secretary of Defense. 


Terrence R. F. Nonweiler (AF), for- 
merly Senior Lecturer, Aerodynamics, 
Cranfield College of Aeronautics, Great 
Britain, has been appointed Senior Lec- 
turer in the newly formed Department of 
Aeronautical Engineering, Queen’s Uni- 
versity, Belfast, Northern Ireland. 

Dexter Rosen (AF), recently in charge 


of Bell Aircraft Corporation’s Cleveland 
Laboratory, has been appointed Admin- 
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Bryan R. Noton (M), Senior Scientific 
Officer, The Aeronautical Research Insti- 
tute of Sweden (FFA), during the past 2 
years has been giving invitation lectures at 
international conferences in Sweden, Hol- 
land, Germany, England, and the U.S.A. 
The 29-year-old scientist has prepared 
nearly 50 reports, papers, and articles on 
several aeronautical subjects. Much of his 
research has covered honeycomb sandwich 
construction. The FFA soon will publish 
his work on ‘Various Tests on Aluminum 
Honeycomb Cores Bonded with Redux 775 
and a Comparison in the Form of Design 
Curves with All Known Aluminum Honey- 
comb Cores." 


istration Department Manager for the 
firm’s Guided Missiles Division. 

Robert F. Stoessel (M) has been ad- 
vanced to the newly created position of 
Hercules Commercial Sales Manager, 
Lockheed Aircraft Corporation, Georgia 
Division. He was formerly Manager, 
Sales Engineering. 

Norman L. Winter (M) has been named 
Manager, Countermeasures, a newly or- 
ganized group for military electronic 
“jamming” equipment within the Sperry 
Gyroscope Company, Division of Sperry 
Rand Corporation. 

Pearl I. Young (M), who taught en- 
gineering physics at Pennsylvania State 
University for the past 10 years, has re- 
turned to the National Advisory Com- 
mittee for Aeronautics as a Technical 
Literature Analyst at Lewis Flight Pro- 
pulsion Laboratory. 


Attention Members! 


All Members of the Institute 
are invited to submit material 
concerning their activities for 
publication in the news columns 
| of the Aeronautical Engineer- 


ing Review. 
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Because in missiles and jet 


aircraft everything has to work the first time 


have been chosen for use in the majority 


Type: C-1874 400 cycle 3 phase AC Motor 
and Clutch. Weight: 4.5 Ibs. Voltage: 200 
volts. Output: 650 watts. Intermittent 
duty : 12,000 rpm. Meets Military Speci- 
fication MIL-M-7969A (ASG). 


Type: D-751 DC Motor. Weight: 20 Ibs. 
Duty Cycle: 5.2 hp at 2100 rpm (inter- 
mittent) on 26 volts DC; 3.5 hp at 2200 
rpm (continuous) on 26 volts DC. 

Meets Military Specification MIL-M-8609. 


Type: D-899 400 cycle 3 phase AC Motor. 
Weight: 11.25 Ibs. Volts: 200 volts. 
Load: 2.75 hp continuous output. RPM: 
3140 rpm output at gear box. Power 
factor: 83%. Overall efficiency: 765. 
for entire unit. Meets Military Specifica- 
tion MIL-M-7969A (ASG). 


of our latest aerial weapons. 


0 ver the years the precision, 


ruggedness and reliability of EEMCO 
products has been proven time and 
time again. The consistent, excep- 
tional performance of these low- 
weight, high-output motors, a few of 
which are illustrated, has earned 
EEMCO industry-wide recognition. In 
this highly specialized field, where 
perfection is imperative, the wide- 
spread use of EEMCO motors and of 
EEMCO’s equally reliable actuators is 
eloquent testimony. 


Type: D-932 DC Motor. Weight: With 
radio noise filter —13 Ibs., without same 
—12.4 Ibs. Terminal voltage: 27.5 DC 
plus or minus 1.5 volts. Load: From .5 
hp minimum to 2.6 hp maximum. Speed: 
Continuous at 12,000 rpm, plus or minus 
005%. Speed Control: By frequency 
regulator supplying control field. Meets 
Military Specification MIL-M-8609 (ASG). 


Type: D-638 400 cycle AC Motor. Weight: 
17.5 \Ibs. Voltage: 200 AC, 20 amps at 
6.5 hp. Duty cycle: 3.0 seconds at 6.5 
hp, 15.0 seconds at 1.5 hp. Maximum 
capacity: 6.5 hp. Continuous rating: 5 
hp at 2300 rpm, 15.8 amps, 200 volts. 
Meets Military Spec- MIL-M-7969A (ASG). 


Type: D-800 400 cycle 3 phase AC Motor. 
Weight: 8.75 Ibs. Voltage: 208 volts. 
Horsepower: 2.5 hp. Continuous Duty: 
11,300 rpm; Equipped with thermal pro- 
tector. Meets Military Specification 
MIL-M-7969A (ASG). 


Type: D-927 DC Motor. Weight: 7.25 Ibs. 
with 2-circuit noise filter for ungrounded 
systems. Weight of filter: 1 Ib. Terminal 
voltage: 27 volts, 18 amps. Load: 0.5 hp. 
Speed: Continuous at 9900 rpm. Meets 
Military Specification MIL-8609. 


ELECTRICAL ENGINEERING & MANUFACTURING CORP. 


4612 West Jefferson Boulevard, Los Angeles 16, California — Telephone REpublic 3-0151 
DESIGNERS AND PRODUCERS OF MOTORS, LINEAR AND ROTARY ACTUATORS... EXCLUSIVELY! 
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IAS NEWS 


Aerojet-General man- 
made “igloo” for launching research 
rockets in the cold area of Fort Churchill, 
Canada, has metal panels forming lower 
walls which open for escaping thrust and 
exhaust gases when a rocket is fired. A 
turntable-type pad permits the guide 
tower to revolve and slope up to angles of 
10 deg. in any direction. This is said to 
minimize the effect of heavy winds on the 
slow-rising Aerobee-Hi (see photo, this 
page). Aerojet also has announced it is 
manufacturing warheads for the Nike 
Hercules that are made of glass fabric 
annealed with resin. The firm’s subsid- 
iary, Aerojet-General Nucleonics, has 
installed an AGN-210 portable reactor at 
Argonne National Laboratory Training 
Institute, University of Chicago. Gordon 
Banerian, Manager, Turbo-Machinery Di- 
vision, has been appointed to the com- 
pany’s WS-107A (Titan-ICBM power 
plant) Technical Advisory Committee. 

e@ Aeroquip Corporation has announced a 
royalty-paying licensing agreement grant- 
ing The Weatherhead Company rights to 
produce and sell Aeroquip's ‘‘super gem”’ 
fittings for Teflon hose assemblies in the 
United States and Canada. The firm also 
announced the following appointments: 
Fred W. Schwier, Assistant to the Air- 
craft Sales Manager, Jackson Division; 
William H. Rowley, Manager, Military 
Requirements; and A. H. Cassidy, 
Industrial Sales Manager, Marman Di- 
vision. 

¢ Aluminum Company of America reports 
it is packaging in dry ice sheets of wing 
skin for the Douglas DC-8 to keep it from 
age-hardening before cutting fabri- 
cation at Douglas facilities. Alcoa also 
announced it is entering the business of 
producing foamed-plastic insulated panels 
for fabrication into other products. The 


Corporation's 


firm reports that a revolutionary process 
for laminating aluminum, wood, glass, 
porcelain, or other materials to a rigid 
core of foamed plastic offers particularly 
broad possibilities in the architectural 
field. Alcoa’s Chairman of the Board and 
Director, Arthur Vining Davis, has re- 
signed. 

e American Airlines, Inc., has begun DC-7 
aircoach service between Chicago, IIl., 
Los Angeles, Calif., and between Chicago 
and San Francisco, Calif. The air line 
also announced the appointments of 
Henry O'Neil to Director of Advertising 
and Meck Howlett to Director, Sales 
Promotion, in a move to reorganize its 
Merchandising Department. 

e Amphenol Electronics Corporation is 
marketing new environmentally sealed 
rack and panel connectors designed for 
potting. They are available with 57 
electrical contacts and two coaxial con- 
nectors or 75 electrical contacts with three 
coaxial connectors, according to the firm. 
The units are said to be electrically rated 
at 7.5 amp. per contact at 600 vde. 


e Avien, Inc., has announced the appoint- 
ment of Murray Heyert as Manager, 
Missile Products Sales. 


@ Beech Aircraft Corporation has an- 
nounced that one of its dealers recently 
flew a four-place Beechcraft Bonanza non- 
stop from Fresno, Calif., to Kingman, 
Kan. (1,226 miles), in 8 hours and 17 
min. Specified range for the aircraft is 
1,170 miles, the firm said. 


© Bell Aircraft Corporation and the Navy 
have announced automatic jet aircraft 
landings on the carrier U.S.S. ‘‘Antietam,” 
accomplished with a new combination 
radar and radio system that takes over 
from the pilot while the airplane still is 
some distance from touchdown. Radar 
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specially constructed “igloo” all- 
weather launching facility was designed by 
architect-engineers of the Aerojet-General 
Corp. for launching Aerobee-Hi and other 
rockets at Fort Churchill, Manitoba, Canada, 
during the International Geophysical Year. 
Army Engineers built the “igloo” to permit 
launchings in the low-temperature area. The 
5-story building is 40 ft. square, has a 
steel frame, and is metal-covered. As 
om ai it projects the tower that guides the 
rocket. 


locates the aircraft and determines its 
altitude and location with relation to the 
carrier deck, according to the firm. Then 
a computer takes over, sending necessary 
course corrections to an automatic pilot 
which directs the airplane into the desired 
flight path. When the Bell system “locks 
on” to the airplane, the pilot relinquishes 
control. The firm also announced thai 
the USAF is activating its first Rascal 
guided-missile squadron: the  rocket- 
powered missile will be carried by SAC 
B-47’s. (Continued on page 78) 


A development of the Industry Crew Escape Systems Committee, the ''B’’ (or aerial bobsled) seat was successfully ejected 
from a supersonic rocket sled (Convair F-102A cockpit) for the ARDC by scientists of Coleman Engineering Company, 


Inc. 


The booms are released from a telescoped position by a charge during ejection. 


The twin booms, corresponding to the long stick of the ancient Chinese skyrocket, perform a stabilizing function. 
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© Armament 

© Ballistics 

@ Radar Antennas 

® Guided Missile 

Support Equipment 

@ Auxiliary Power Supplies 
© Control Systems 


Throughout the Pattern of Modern Defense... 


AMF has experience you can use 


e Most defense problems fit into AMF’s “big picture’...a picture drawn from AMF’s 
tremendous backlog of experience in defense work. Wherever you are, there’s probably 
an AMF defense component or integrated system...a product of AMF experience... 
operating near you. e Guided missiles ride on AMF equipment to AMF launching sites 
...to be loaded, fueled and fired by AMF-built equipment. Under the sea, AMF-built 
weapons wait for unfriendly submarines on the prowl. Along our borders, AMF radarscopes 
search the sky for “stranger” aircraft. ¢ There is little room for failure where the job is the 
nation’s defense. And the nation looks to companies like AMF to design, test and produce 
a variety of defense products. With a wide range of experience in the most sensitive fields 
of defense work, AMF may well be the answer to your problems...in defense or industry. 


Defense Products Group 

AAI AMERICAN MACHINE & FOUNDRY COMPANY 
1101 North Royal Street, Alexandria, Va. 

Asbury Park @ Atlanta @ Boston @ Brooklyn @ Dallas ® Dayton © Los Angeles @ Seattle @ Tucson @ Washington, D. C. 
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= Engineering and Scientific Briefs from Correspondents Around the Globe 


Hydrogen in Aluminum 
Subject of U.S.S.R. Research 


@ A recent (1955) paper by M. M. 
Karnaukhov and A Kh Urazgil’ deyev, 
titled ‘‘Hydrogen in the Metal During 
Acid-Open-Hearth Melting,’ has been 
found to contribute valuable fundamen- 
tal information toward understanding 
of the behavior of hydrogen in alumi- 
num alloys and might well be extended 
to other metals. Although at present 
it seems to offer no practical leads as to 
how to improve elimination of hydrogen 
from molten metal, it is possible that 
better understanding of the forms in 
which hydrogen is present may eventu- 
ally lead to development of better de- 
hydrogenation agents. 

The authors made tests to determine 
the effect of direct current on the hydro- 
gen in solution in aluminum and its al- 
loys. The results were evaluated on the 
basis of gas content and porosity of 
solidified metal. 


(1) A direct-current treatment for 
20) to 30 see. degasified a series of silu- 
min (DA3) heats. This would indi- 
cate that the hydrogen was pvesent in 
ionic form, 

(2) The same treatment had much 
less effect on pure aluminum and UA3 
alloy, although there was nonuniform 
hydrogen distribution after the treat- 
ment. 

(3) The addition of small amounts of 
sodium or lithium prior to the direct- 
current treatment promoted the speed 
and completeness of  degasification. 
The cause is believed to be attributable 
to the formation of hydrides, with the 
hydrogen present in ionic form. Ther- 
modynamie calculations confirmed the 
possibility of forming sodium and lith- 
ium hydrides. 

(4) The test data are interpreted as 
indicating that hydrogen can be present 
not only as ions (either positive or 
negative) but also in colloidal par- 
ticles or complex ions—and as atoms 
and even as molecules. 

(5) Consequently, account must be 
taken of all these possibilities in con- 
sidering the behavior of hydrogen in 
molten metals since its behavior will 
depend on the form in which it is 
present. 


New Radio Aid Discussed 
in French Institute Paper 


@ Ina paper on ‘The Radio-Web Sys- 
tem—Functioning and Possibilities,’’ the 
Institut du Transport Aerien outlines the 
principle upon which this new radio aid, 
developed by Pierre Gaudillere, is 
based. Also indicated are the various 
services it can render navigators and air 
traffic controllers. ITA is a nonprofit- 
making international association with 
headquarters in Paris. 

Like all other hyperbolic systems, the 
Radio-Web is based on the measurement 
of the time elapsing between reception 
of two simultaneous transmissions from 
stations in a slave-to-master relation. 
This type of measurement affords great 
accuracy in aircraft localization. The 
Radio-Web offers the possibility of com- 
bining several hyperbolic channels into 
a Square pattern grid or a grid of meridi- 
ans and parallels—or even of curves 
adapted, for instance, to the shore line 
of an estuary. This versatility makes 
the system applicable to long-range 
and short-range navigation, as well as 
to the approach and landing phases of 
flight. 

The system also can replace radar 
by displaying before the eyes of the 
traffic controller a P.P.I. showing all 
aircraft in the control area equipped 
with a Radio-Web receiver and trans- 
mitter. The system has the advantage 
of being insensitive to fog and atmos- 
pheric precipitations. Moreover, it will 
have a much wider range than present 
radar types, and, since it uses surface 
waves, it also will indicate the position 
of aircraft flying below the horizon of the 
site where the ground receiver of the 
P.P.1. is located. 

For using the Radio-Web as an anti- 
collision device, two potential tech- 
niques are available. The first is the 
installation of an air-borne Radio-Web 
receiver with a cathode-ray oscillograph 
similar to that in the traffic control cen- 
ter. The second is the relaying to the 
aircraft of the position plan worked out 
at the control center. (It would, of 
course, be necessary to provide the pilot 
with proper means of identifying his air- 
craft on the position plan, but this 
could be achieved easily by a selecting 
device.) 
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There also is the possibility of using 
the position signals picked up by the 
aircraft to develop a flight log similar to 
that developed by Decca. 

Not only does the Radio-Web con- 
stantly indicate the position of the air- 
craft to the pilot and the traffic control 
services—which implies speed and flight 
path indications—but it also can provide 
automatic and selective air/ground ra- 
dio communication. 

The flexibility of the interference 
fringes phenomenon is such that numer- 
ous variations of the system can be con- 
templated. According to the inventor, 
equipment on the ground would cost 
less than that required by other systems, 
and the cost, weight, and space taken 
by the air-borne equipment also would 
be extremely low. 


Solid Propellant Rockets 
to Be Used in Japanese Tests 


@ A Japanese delegate to the URSI 
(International Scientific Radio Union) 
Conference held August 26 to Septem- 
ber 5, in Colorado, described the 
Japanese plan to try a number of 
rockets using solid propellants. There 
are two parallel developments—a series 
of rockets fired from the ground and an- 
other of rockoon type (fired from bal- 
loons). The Japanese scientist, a Pro- 
fessor Maeda, outlined the projects to 
be undertaken and gave a description 
of the rocket to be used in each case. 
The projects that are planned are as 
follows: 

(1) Solar Radiation. This has long 
been one of the problems in solar 
phenomena. The determination of the 
solar constant on balloon and rocket 
flights has led to widely varying results. 
In these measurements, a soft X-ray 
Geiger counter with telemetry will be in- 
stalled in a rocket K-5 RS, which will 
be fired from the ground. A sigma-type 
rockoon will be used. 

(2) Cosmic Rays. Information on 
the high-altitude cosmic-ray intensity is 
very meager. In this measurement, 
tvpe K-4 C will be used for ground 
firing. A sigma-type rockoon will also 
be used. 

(3) Density of Ions. This experiment 
is of great importance in connecting 


(Continued on page 74) 
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A group of American delegates inspected the Vickers- 
Armstrongs (Ajircraft) Ltd. manufacturing facilities at 
Weybridge and at Hurn on September 5. The above 
picture was taken at the Hurn Plant. 


Presidents of the two Societies, Mundy Peale (left) and 
Sir George Edwards (right), discuss technical features of 
the Vickers’ Vanguard at the mock-up at Weybridge. 


SIXTH ANGLO-AMERICAN CONFERENCE 


The scheduled sixth meeting between the LAS and the RAeS of Great Britain took 
place September I-15 in and about London and at Folkestone. About 100 Ameri- 
cans, accompanied in some cases by wives (and a few children), took part. The 
program included the Annual SBAC Flying Display at Farnborough, the RAeS 
Garden Party at Wisley Aerodrome, and a number of group visits toa selection of 
British manufacturing, research, and educational institutions. The pictures ac- 
companying the Editorial give a fair cross section of the range of activities and an 
indication of the number and caliber of the American delegates who participated. 
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EDITORIAL 


In Retrospect 


It would be gratifying to be able to report without 
qualification that the Sixth Anglo-American Confer- 
ence was the best ever. In most respects it was—but 
to those who have been participating year after year, 
there were disappointments. It should not be inferred 
that the overall result was questionable. Far from it. 
It was apparent, however, that some of the elements of 
the program could have been improved. Some com- 
ment appears warranted as a guide for the future. 

As for the traditional hospitality of our hosts, nothing 
but the best can be said. No effort was spared, either 
officially or unofficially, to make the American delegates 
feel most welcome and entirely ‘“‘at home.’’ The tech- 
nical field trips that were laid on by the RAeS in con- 
junction with the several manufacturers were very well 
organized. Some of them involved complicated bus, 
rail, and air transportation. All of them went off with- 
outa hitch. The same may be said for the ladies’ tours, 
which were equally complicated. The vagaries of the 
English weather and the complications of bedding- 
down large groups of itinerant Americans in up-country 
British hotels posed problems that were never beyond 
the capabilities of Dr. Ballantyne’s staff. The RAeS 
people did an outstanding job in seeing that everything 
went off on schedule and that all participants were 
happy. 

The purely social side of the program also went off 
very well. From the opening reception at 4 Hamilton 
Place on September 1 to the final tea and cocktails at 
Sir George Edwards’ house following the Garden Party 
at Wisley, the Americans (and, in fact, all participants) 
had a wonderful time. The only complaints that we 
heard came from Americans who worried about adding 
too many pounds of personal weight as a result of the 
fantastic array of things to eat and drink that were 
continually spread before them. (Those of us who 
remember the thin fare of the 1947 and 1951 periods 
could see that the situation in England had improved 
considerably in the intervening years.) Some of our 
friends who tried to explain how to make American old- 
fashioneds or whiskey sours to the men-behind-the- 
bars soon gave up and presently became loud in their 
praises of ‘“Gin-and-It’’ and other local concoctions. 
Whatever their tastes, however, no one could complain 
of shortages. 

The Mayor’s Reception and Cabaret and the Confer- 


ence Dinner at Folkestone were notable events. The 
latter had a predominately Scottish flavor. The 
haggis proved to be a real conversation piece. The 


bagpipes and drums, on the other hand, going full out 

in the confines of the Metropole’s Ballroom, would cer- 

tainly be classed as ‘‘anticonversation’”’ pieces! 
(Continued) 


Tea for the American ladies at the home of Sir George Edwards. 
Clockwise, the group includes Lady Edwards (standing, left), 
Mrs. N. E. Rowe, Mrs. Elmer Sperry, Mrs. D. L. Hollis 
Williams, Mrs. Frederick Felberg, and Mrs. Paul Johnston. 


On the receiving line at Folkestone (left to right) Miss Sandra 

Peale, Mrs. Mundy Peale, President Peale, Lady ; 
Edwards, Sir George Edwards. Back to camera—Dr. Ballantyne's 
daughter, Caroline. 


Distinguished visitors at Folkestone, Dr. von Kérm4n and Dr. 
Wattendorf, are greeted by President and Mrs. Mundy Peale. 


Lord Mayor of Folkestone and his Lady greet IAS Publications 
Director Welman Shrader in receiving line at Folkestone. 
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Above, left, delegates group at 
Fairey Aviation Company, Ltd., 
White Waltham, on September 2. 
Above, right, inspection party at 
National Gas Turbine Establish- 
ment, Pyestock, September 2. 


The party which visited Short Brothers 

& Harland Ltd., Belfast, September 5, 

and Armstrong Whitworth Aircraft 

Ltd., Coventry (shown above), September 6. 


Elmer Sperry of the [AS group 
discusses a point with Chief of Design, 
. Keith-Lucas, of Short Brothers, 
and Jim Simmons of the RAeS. 


Past Presidents of the IAS, 
Dryden and Millikan, form part 
of an attentive group at a 
briefing at the Royal Aircraft 
Establishment (Bedford) on 
September 6. 


IAS party examines manufacturing 
processes and a model of full-scale 
wing testing facilities at Short 
Brothers, Belfast. 


TO COVER 
SIDE OF 
MAINE COVER 
me FY BEFORE 
CLEAR 


| 

wraa 


Anglo-American Conference (Continued) 


Probably the most important (and certainly among 
the most enjoyable) elements of the Conference were 
the more intimate technical conversations that were 
held during the week at Folkestone. The discussions 
that took place across the luncheon and dinner tables 
between the British aircraft manufacturers’ groups and 
certain of the American delegates probably represented 
as valuable an interchange of views as those that took 
place in the formal technical sessions of the Conference. 

It is in this latter department that some criticism is 
justifiable. It appeared to be the consensus that the 
technical papers presented were not, as a whole, up to 
the standards that the delegates had reason to expect. 
At the risk of an accusation of national bias, we think it 
can be said fairly that the American papers stood up 
better than the British. One or two of the latter 
proved to be astonishingly elementary in character. 
Some of the difficulty could possibly be laid to poor 
selection of topic. Certainly, in several cases, Security 
was obviously the chief culprit. It would have been 
preferable, for example, to have skipped any discussion 
of nuclear problems than to present what was obviously 
a “filler.” Also, apart from language difficulties, the 
American presentations compared favorably with the 
British. This was an improvement over the situation 
at some of the earlier Conferences. 

In spite of detailed instructions and of pre-Conference 
piczs for attention to this detail by both Societies, 
many of the slides thrown on the screen were absolutely 
terrible. Admittedly, light conditions and the projec- 
tion equipment in the lecture rooms were not of the 
best, but how any practical-minded lecturer can expect 
an audience to read a mass of minuscule typewritten 
figures and formulas in white on black is beyond com- 
prehension. Curiously enough, some of the worst ex- 
amples came from companies that are supposed to have 


Officers of Short Brothers discuss design features and expansion plans 
with (left) Bob Dexter and Joe Maitan of the IAS and (right) Boeing's 
representative B. K. Bucey and IAS Past President C. J. McCarthy. 


excellent ‘visual aids’ departments. This seems to be 
one of the most difficult lessons for many lecturers to 
learn, and it should be the simplest. 

As usual, the American group appeared far less willing 
to enter into discussion from the floor than the British. 
This has always been the case. It is a matter of 
tradition and training, and, of course, again the 
security problem raises its head. There were excep- 
tions notably the informal postlecture discussions of 
STOL-VTOL aircraft and of ‘“‘sandwich” construc- 
tion. We do not care particularly for the formalized, 
prepared type of discussion of which the British are 
fond, but we do think that Americans, by their reluc- 
tance to get on their feet and to say something, missed 
a number of opportunities to make a real contribution 
to the Conference. 

In spite of these somewhat critical comments, it is 
certain that everyone who participated felt that the 
Sixth Anglo-American Conference was a success. Plans 
have been made by the joint Councils of the two 
Societies for the Seventh Conference, to be held in the 
United States in the first 2 weeks of October, 1959. The 
tentative program calls for assembly and_ technical 
sessions in New York City, to be followed by a tour of 
aircraft activities in the northeast section of the country. 
Approval has been given for an inspection of the Lewis 
Flight Propulsion Laboratory of the NACA in Cleve- 
land (it will be remembered that during the two pre- 
vious Conferences held in the U.S., visits were made at 
the Langley and Ames laboratories). To tie Canadian 
interest into the Conference, a visit under CAI auspices 
will be made across the border, and selective plant 
tours will be set up among the industrial groups along 
our own Eastern Seaboard. We are all looking forward 
to that meeting and to our opportunity to repay our 
British friends in a small degree for the magnificent 
hospitality extended to us during the Sixth Anglo- 
American Conference in 1957. S.P.J. 


Vickers’ David Sykes points out a few Vis- 
count design details to an IAS group, includ- 
ing President Peale and John Ide. 
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iin experience has been accumulated by 
the industry in designing rocket chambers and rocket 
systems of certain magnitude (level of thrust output). 
However, difficulties are encountered in designing large 
output units. These difficulties arise from appearance 
of oscillatory combustion with large pressure ampli- 
tudes (also called combustion instability). Some of the 
oscillatory combustion phenomena are damped, but 
many are undamped and lead to destruction of the 
combustion chamber either by high-amplitude, low- 
frequency pressure variation (chugging) or by local 
burnout of the combustion chamber walls and injector 
plates. This burnout is due to extreme heat-transfer 
rates caused by high-frequency and high-amplitude 
pressure and gas-velocity fluctuations (high-frequency 
oscillatory combustion, also called “high-frequency 
instability’ or ‘‘screaming’’). 


It seems to be accepted that chugging is a low- 
frequency oscillatory combustion phenomenon coupled 
with feedline and structural modes of oscillations. 
The high-frequency oscillatory combustion is con- 
sidered free from feedline and structural coupling. 
Chugging is amenable to system-type analyses. How- 
ever, nonlinear effects have to be considered for the 
investigation of high-frequency oscillatory combustion. 

In spite of the intensive experimental and analytical 
work done in this country and abroad, many of the 
physico-chemical phenomena of the rocket chamber are 
still not completely understood. Some of these can be 
approached analytically, others are amenable only to 
experimental investigations. This latter group of 
phenomena will be discussed first. 


Rather than a survey of the state of the art, this paper conveys 
some of the thinking of the author and describes briefly work by 
the Mechanical Engineering Department of the Polytechnic 
Institute of Brooklyn. Part of this work is supported by the 
Office of Scientific Research and the Aerodynamics Research 
Laboratory (WADC) of the USAF. 

The author is Professor of Mechanical Engineering. 
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Design of large output rocket motors with predictable performance remains an arl, though an effort is being made to 
bring reliability into the realm of science. Data in this revealing report, written especially for the Review, 
ae include a new approach thal promises useful results in stability as well as combustion problems. 


Notes on Problems in Combustion Instability of 


Puysico-CHEMICAL PHENOMENA 


There are a great number of parameters involved in 
any rocket motor. However, if the physico-chemical 
phenomena are broken up into basic groups, each of 
these can be investigated by strictly controlled ex- 
periments. The two least-understood basic groups of 
phenomena in the rocket chamber are: injection, and 
evaporation and combustion. These phenomena may 
be studied as they are affected by chamber pressure, 
chamber geometry, and fuel-oxidizer ratio (for any 
chosen fuel-oxidizer combination). 

No reliable information is available for the evaluation 
of the relative importance of the liquid-phase and 
vapor-phase combustion. However, it is thought that 
the vapor-phase combusticn is by far the more impor- 
tant of the two. The preparation of oxidizer and fuel 
for combustion by preheating is achieved by means of 
convection (recirculation of hot gases), radiation, and 
conduction (probably the least important mechanism). 
However, the mechanism of recirculation of the hot 
gases is little understood. This is one of the phenomena 
which is being investigated under carefully controlled 
conditions at the Polytechnic Institute of Brooklyn. 
Since the combustion in rocket chambers is a non- 
steady phenomenon, the investigations are being 
carried out under steady and periodically changing 
chamber pressures. 

A systematic investigation of efficient combustion as 
affected by location and orientation of injector jets is 
also very important. Aerothermodynamic recircula- 
tion of combusting gases might be influenced and 
governed by judicious distribution and location of 
injectors. Combinations of downstream injection 
(accepted practice) with side-injection and reverse in- 
jection will also be investigated. 

Apart from the experimental work being carried out, 
a new analytical method is being developed for the 
study of high-frequency oscillatory combustion. Be- 
fore outlining the new approach, a brief discussion 
will be given of available methods for investigation of 
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ROCKET MOTORS 


T. Paul Torda 
Polytechnic Institute of Brooklyn 


oscillatory combustion in rocket motors and other 
combustion chambers. 


ANALYTICAL METHODS 


The low-frequency instability of rocket motors 
seems to be well understood, and the developed analyti- 
cal methods are useful in predicting their behavior in 
this instability range. However, analyses used for 
high-frequency instability are still in need of improve- 
ment. C. C. Ross and P. P. Datner presented an 
excellent review of the state of the art in 1953,! and 
C. C. Ross pointed out basic considerations regarding 
scaling of rocket motors in 1955.? 


Two distinct approaches are available in the literature 
for the investigation of the complex phenomena in 
rocket motors. One employs the time lag concept, 
and the other employs the general equations of aero- 
thermochemistry. Both of these methods have certain 
advantages, but they also have distinct disadvantages. 
It is of interest to note that both of these methods were 
proposed by Dr. Theodore von Karman. 

The time lag is essentially an integral concept and 
does not take detailed account of the aerothermo- 
dynamic and chemical kinetic phenomena. It is not 
necessary to make the usual simplifications—linear- 
ization, ete.—in analyses using the time-lag concept, 
but the complexity of the resulting equations makes it 
imperative to do so. 

The time lag may be interpreted as the integral of 
detailed transport and chemical kinetic phenomena. 
To date, there are at least two important deviations 
from the originally proposed constant time lag (as 
introduced by Dr. von Karman and used in analyses by 
Summerfield and Tsien* ‘), those introduced by L. 
Carocco® and by Barrére and Bernard.’ All analyses 
employing the various time lag concepts use linearized 
equations which allow the determination of certain 
limiting conditions—limits of stability, ete—but not 
the complete analysis of the essentially nonlinear 
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in combustion chambers and 


phenomena 
motors. 


rocket 


The final answer for predicting the behavior of 
rocket motors and other combustion chambers will 
come from analyses which use the complete equations of 
aerothermochemistry. For the time being, many 
simplifying assumptions have to be made when em- 
ploy:ng this approach. This is partly due to in- 
adequate knowledge of the chemical kinetic processes 
involved, and partly due to the complexity of the 
resulting equations which take all the detailed phe- 
nomena into account. The fundamental equations in 
aerothermochemistry are presented in a paper by Dr. 
von Karman.’ (For our purposes, the similitude 
analyses are understood to be included in those types 
of analyses. Reference should be made to Weller’s 
paper dealing with the similitude type of approach’ and 
some recent work of S. S. Penner.) 

A new approach developed by the writer promises 
useful results in stability as well as in scaling problems, 
not only in rocket motors but in other jet propulsion 
devices as well. The important features of this 
analysis are that the nonlinear character of the equa- 
tions is maintained and that local chemical changes, 
mixing, and other phenomena can be taken into account 
by considering the local variation of the characteristic 
gas properties in the chamber. The new method and 
some of the results obtained will be reported in a 
technical paper in the near future. 

The analysis is valid for subsonic as well as for super- 
sonic regions. It seems important that the geometric 
configuration of the combustion chamber be taken into 
account in stability analyses. As a matter of fact, 
preliminary investigations have shown that even for 
steady operation the geometric configuration is im- 
portant for the fulfillment of certain “optimum” 
requirements in rocket motors. This dependence of the 
geometric configuration of combustion chambers on 
the aerothermochemical phenomena can be assessed 
by a simple steady-state analysis. This will be dis- 
cussed next. (For details not presented here, reference 
should be made to reference 9.) 


STEADY AEROTHERMOCHEMICAL ANALYSIS OF 
RocKET Motors 


Although attempts have been made to connect 
chemical kinetics with aerothermodynamic processes 
in rocket combustion chambers, ne comprehensive 


investigation can be found in the literature. An 
analysis was undertaken to fill this need. 
The analysis is carried out in two parts. First, 


chemical kinetic calculations are made for desired 
energy release distributions. Then, the flow parameter 
and the geometric configuration are determined from 
aerothermodynamic considerations. Since the equa- 
tions used are well known, only an outline is given here. 
Certain simplifying assumptions are used which do 
not restrict the general validity of the analysis. The 
analysis is valid for combustion chambers of other jet 
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Fic. 5. Constant pressure process p = 438,200 Ib./ft.? (300 
lb./in.?) (area, velocity, and temperature variation along combus- 
tion chamber for cases I, II, and III). 
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Total mass of combustion gases. 
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n, CHAMBER STATION 
Total temperature. 


Fic. 7. Parabolic velocity variation (area, velocity, tempera- 
ture, and pressure variation along combustion chamber for 
cases I, II, and III). 
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propulsion devices; however, rocket combustion cham- 
bers are of primary consideration. The numerical 
examples included serve to illustrate the results of the 
calculations and were selected to cover a variety of 
conditions; they should not be considered compre- 
hensive. 

The variation of the significant flow parameters in 
rocket combustion chambers depends on the manner in 
which the propellant is introduced as well as on the 
chemical, aerodynamic and thermodynamic changes. 
So that a better understanding of these variations may 
be possible, a simplified but realistic model is developed 
and the problem is treated as steady and one dimen- 
sional. 

The model used makes it possible to simulate any 
desired introduction of the propellant into the com- 
bustion chamber. The combustion chamber is divided 
into an arbitrary number of volume elements (see 
Fig. 1) and into each of these a prescribed amount of 
propellant is injected or a prescribed amount of pro- 
pellant is evaporated and combusted in each of 
these volume elements. 

The particular pattern of injection of the propellant 
and its availability for combustion in each volume 
element will determine the variation of total enthalpy 
along the axis of the combustion chamber. Once this 
distribution is established, the equations describing 
the flow and the thermodynamic state allow the 
determination of the flow-parameter variation along 
the combustion chamber. 

There are four equations available for the determina- 
tion of the five dependent variables: velocity, pressure, 
density, temperature, and cross-sectional area. There- 
fore, ove of the variables will be prescribed as a 
desired function of the axial distance in the combustion 
chamber. The four equations are: the continuity 
equation, the momentum equation, the energy equation 
(radiation and conduction were neglected), and the 
equation of state. 

In the numerical examples presented, it is assumed 
that the combustion is completed before the gases 
enter the convergent-divergent nozzle. This is not a 
necessary assumption in the application of the analy- 
sis, but it simplifies the calculations and for this 
reason it is used in this paper. A monopropellant was 
chosen for the sample calculations. 

The constant pressure, linear velocity variation, 
parabolic velocity variation, and constant cross- 
sectional area problems are calculated for each of the 
three different mass introductions chosen. In each 
case it is assumed that the heat liberated by combus- 
tion in the first volume element of the chamber is 
used to raise the temperature of the remaining pro- 
pellant to its boiling point thereby “‘preparing’’ it for 
instantaneous evaporation and combustion. Nitro- 
methane (CH;NO,) was chosen as the monopropellant 
and the chemical kinetic calculations were taken from 
reference 10. The thrust of the motor was chosen as 
25,000 Ibs. for all cases. The specific impulse is 
Ip = 215 (Ib. force sec./Ib. mass) and, therefore, the 
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Fic. 8. Constant area process (combustion chamber area = 
0.545 ft.2; velocity, temperature, and pressure variation along 
combustion chamber for cases I, II, and IIT). 


total mass flow of propellant is wy = 3.612 slugs/sec. 
Some of the assumptions in reference 10 are: The 
monopropellant is introduced at 300°K., the combustion 
chamber is insulated, the products of combustion will 
expand isentropically to 14.7 psia, chemical equilibrium 
is maintained to 1,600°K., and the combustion chamber 
pressure is 300 psia throughout. This last assumption 
is violated in the example of the constant area process. 
No iteration was carried out to correct the combustion 
calculations since the effects of the pressure variation 
are of second order. 


The three cases present various modes of mass 
“introduction” and energy release along the combustion 
chamber, as may be seen from Figs. 2 and 3. Fig. 4 
shows the variation of the total temperature of the 
combustion gases. For all examples presented, it 
was assumed that the temperature at the end of the 
combustion chamber is equal to the flame tempera- 
ture. This is valid only for an adiabatic chamber with 
combustion completed at the “‘end’’ of the chamber. 


Figs. 5 to 8 present the variations of the flow param- 
eters and the area for Cases I, II, and III (the 
prescribed conditions are stated on the figures). The 
values in the first three volume elements were obtained 
by extrapolation since the charts of reference 10 were 
not valid in this region. All the results are representa- 
tive from the fourth volume element on. 


The figures show that the variations of the flow 
parameters and the cross-sectional area distribution 
can be determined once the desired energy release is 
prescribed along combustion chambers. These varia- 
tions are shown to be different from those usually 
assumed for rocket engines. The results presented 
should serve as a useful guide for design engineers. — 
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(Continued on page 47) 
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Take-Off and Landing Distance 


and Power Requirements 


of Propeller-Driven STOL Airplanes 


It is shown that wing stall can be encountered even though the entire wing 


is unmersed in the propeller slipstream. 


The effects of wing stall 


on the power requirements in the transition-speed range and 


on the take-off and landing distance are illustrated. 
the STOL performance becomes primarily a function of 


Dw APPROACHES can be made in seeking STOL 
performance. On the one hand, use can be made of 
low wing loadings and high lift devices. On the other, 
power can be applied to produce lift directly and thus 
reduce the flying speed. The first case is always 
limited to some finite minimum speed by wing stall. 
The second case is limited only by the amount of power 
the designer wishes to install in the airplane. If 
sufficient power is used, VTOL performance can be 
achieved. The power required for the desired STOL 
performance might become quite high, however, if the 
wing must be flown through the stall, and experience 
has shown that, even with the wing completely im- 
mersed in the slipstream, stalling can occur in the 
approach condition. The effect of this stalling on the 
power requirements and STOL performance and the 
available means of minimizing this stalling will be 
reviewed in this paper. 


GENERAL CONSIDERATIONS 


Before examining the problems of power require- 
ments and wing stall, it appears in order to examine 
some of the factors other than the characteristics of the 
airplane that may limit STOL performance. Such 
factors as deceleration during the landing ground run, 
the normal acceleration in the transition, and the 
effect of rate of descent on the pilot's ability to fly the 
proper approach path all have a significant bearing on 
the STOL performance. The landing distance can 
conveniently be assumed to be made up of three stages 
—the approach, transition, and ground run as shown at 
the top of Fig. 1. The limitations on each can be 
examined separately. 


The author’s complete work is still available as IAS Preprint 
No. 690. 

The author is Aeronautical Research Engineer, High-Speed 
Tunnel Section, Stability Research Division. 
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With the stall under control, 


the amount of power installed in the airplane. 


Approach Distance 


The distance required to descend from a 50-it. 
height is determined by the approach angle used. 
However, it was determined in reference 1 that the 
maximum approach angle that can be used with con- 
sistency decreased with an increase in approach speed 
and that rate of descent is the determining factor. 
Although the descents in reference 1 were made with 
helicopters, it was determined that the limitations on 
rate of descent were not associated with the character- 
istics of the helicopter but were established by the 
ability of the pilot to observe directions and to make 
corrections quickly enough to maintain the desired 
approach path. 
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In general, rates of descent no higher than 500 to 700 
ft. per min. appear to be appropriate for more or less 
routine flying, while rates of descent similar to those 
experienced in helicopter autorotation (1,000 to 1,500 
ft. per min.) might be considered satisfactory for 


maximum performance landings. For practical pur- 

poses, the approach distance then can be expressed as 
la = 5,070 V/V, 

where V is the approach velocity in knots, and V, is 

the rate of descent in feet per minute. 


Transition Distance 


The transition distance is a function of the approach 
speed, approach angle, and the normal acceleration 
used in the pullout. If we assume a circular-are 
transition and let the approach angle be determined by 
the rate of descent as previously discussed, the transi- 
tion distance is given by 


l, = VV,/71g An 


where An is the increment of normal acceleration in 
the transition, measured in g units, and g is the acceler- 
ation of gravity. 

The shortest transition distance would, of course, be 
obtained by eliminating the transition entirely and 
allowing the airplane to contact the ground at the 
approach angle and rate of descent. This might be 
considered acceptable for emergency or maximum 
performance landings if the landing gear were designed 
for it but would probably not be acceptable for routine 
flying. 


Ground Run 


The ground run distance in landing is a function of 
the velocity at touch-down and the deceleration. We 
are dealing with airplanes that use an appreciable 
amount of power in the landing approach. If the 
power is cut at the instant of touch-down, essentially 
all of the airplane weight is on the ground and effective 
braking is immediately available. The maximum 
deceleration available then is equal to the coefficient of 
friction that is available, and the landing distance is 
given by 

I, = 1.48V?/Cyg 
where C,; is the coefficient of friction. 

Although a coefficient of friction of 0.8 to 1.0 (and 
therefore 0.8g to 1.0g deceleration) can be obtained on 
dry concrete runways, this would be a rather extreme 
level to plan on for routine operational use, particularly 
if passengers are being carried. A deceleration of 
about 0.3g is a more comfortable and realistic value 
under these conditions. The stopping distances obtain- 
able at these values of deceleration are plotted in Fig. 4. 
Still higher decelerations and correspondingly shorter 
stopping distances could be obtained by the use of 
reverse propeller pitch. Whether this would be desir- 
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able would depend upon the intended use of the air- 
plane. 


Total Landing Distance 


On the basis of the foregoing observation we can 
arrive at an estimate of the total landing distance 
required. Fig. 1 shows the landing distances for 
routine and maximum performance landings. The 
maximum performance landings assume a rate of de- 
scent of about 1,000 ft. per min., no transition (which 
would require a specially designed gear, of course), and 
a stopping deceleration of 0.8g. The routine landing 
distances assume a rate of descent of about 500 ft. per 
min., a circular-are transition with an increment of 
normal acceleration of 0.1g, and a relatively comfort- 
able stopping deceleration of 0.3g. No allowance has 
been made in either case, however, for any margin of 
error by the pilot or for his reaction time in reducing 
power and applying brakes at touch-down. 

It is apparent from these curves that to achieve short 
landing distances the airplane must be able to fly rather 
slowly. If the commonly used criterion of a landing 
distance of 500 ft. is used, it can be seen that the 
approach speed will probably have to be in the neigh- 
borhood of 30 knots for routine flying. If, however, 
the actual field length is 500 ft. from obstruction to 
obstruction, allowance will have to be made for the 
length of the airplane and some reaction time and 
margin of error on the part of the pilot. The approach 
speed then would probably have to be down to about 
20 or 25 knots for routine flying. Even assuming 
maximum performance or emergency conditions, the 
approach speed could probably not exceed 40 or 50 
knots. 

The limitations on take-off in general do not appear 
to be as severe as those on landing. There is no limita- 
tion on the rate of climb and, with forward facing seats, 
accelerations of appreciable magnitude could be toler- 
ated. The transition, on the other hand, cannot be 
avoided; however, the distances involved are not 
great. In general, it appears that the take-off distances 
can be at least as short as the landing distances so far as 
considerations other than the performance of the air- 
plane are concerned. The take-off distance then will 
be determined primarily by the thrust-weight ratio of 
the airplane, and with the thrust-weight ratios that 
will be necessary to obtain short landings there should 
be little problem in obtaining short take-offs. 


EFFECT OF STALL ON STOL PERFORMANCE 


With small airplanes low stalling speeds can be 
obtained by the use of low wing loadings and conven- 
tional flaps. Note, however, that we are dealing with 
the approach speed and not the stalling speed. Even 
with a Piper Cub it is not considered safe to use ap- 
proach speeds less than about 50 knots. 

With large airplanes it is obviously impractical to 
attempt to achieve these low speeds by the use of low 
wing loadings. With large airplanes other consider- 
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Fic. 2. Effect of thrust and slipstream on lift and drag 
characteristics. 


ations require relatively high wing loadings, and there- 
fore the low approach speeds required can be obtained 
only with very high lift coefficients which can be 
obtained only by using power in some form. 

These high lift coefficients can be obtained by the 
proper utilization of propeller thrust and slipstream as 
shown in Fig. 2. Here the lift-drag polars’ for several 
power conditions are shown. At a thrust coefficient of 
zero, the normal power-off lift-drag polar is obtained. 
As power is applied and the free-stream velocity is 
decreased, the diagram expands upward and to the left. 
At a thrust coefficient of 11 (Cr' = T/qS), a maximum 
lift coefficient of 15 is indicated. If the free-stream 
velocity is reduced to zero, the thrust coefficient and 
lift and drag coefficients approach infinity because 
there are still forces present due to the propeller thrust 
and slipstream. 

It is possible then to obtain any desired lift coetti- 
cient. The problems that arise are: How much 
power is required to produce the desired lift coefficient, 
and can it be obtained at flight conditions of interest 
without stalling the wing? The designer can exercise 
some control over the power requirements by varying 
the propeller size and the wing span. A procedure for 
calculating the power requirements is presented in 
reference 3. 

The problem of obtaining these high lift coefficients 
in usable flight conditions is also illustrated in Fig. 2. 
Note that for steady level flight the propeller thrust and 
the airplane drag must be in balance. Thus Cp = 0 
represents steady level flight conditions. As_ the 
thrust coefficient is increased, the peak lift coefficient 
moves from the drag to the thrust side of the diagram, 
and for level flight at a thrust coefficient of 11 the air- 
plane would be flying in a stalled condition. 

A pictorial presentation of the stall is shown in Fig. 3. 
The unstalled case is shown at the left. The propeller 
thrust is counterbalanced by the horizontal component 
of the resultant force vector on the wing, and the verti- 
cal components add up to give the total lift. If the 
wing were stalled, the resultant force vector would be 
much shorter and the horizontal component would be 
insufficient to balance the thrust. Under these condi- 
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tions the angle of attack would have to be increased, 
which would aggravate the stall, but eventually equi- 
librium would again be reached as shown by the case on 
the right. The lift is greatly reduced, however, as a 
consequence of the separated flow. 

The extent of the losses due to stall are illustrated in 
Fig. 2. For convenience in discussing the figure, lines 
representing combinations of C, and Cp that would 
give 10° climb and 10° approach angles are also shown, 
It can be seen that in a 10° climb only a small amount 
of separation shows up at a thrust coefficient of 11, 
In the approach condition, however, where stalling is 
encountered, the lift available is only about half of the 
potential unstalled lift. 

The effect of this stalling on the power requirements 
in climb, level flight, and approach are shown in Fig. 4. 
These curves are for an assumed airplane weighing 
44,000 Ibs., with a wing area of 1,100 sq.ft., and using 
four 20-ft.-diameter propellers, and were computed by 
the procedure outlined in reference 3. This airplane 
could hover on about 10,000 hp., and as the speed is 
increased the power drops off quite rapidly for the un- 
stalled condition. 

In a 10° climb, the stall causes only a small increase 
in the power required in the speed range between 20 
and 40 knots. In level flight, the effect of the stall is 
much more pronounced, and in a 10° approach, it com- 
pletely changes the character of the curve. If this were 
a STOL configuration with only 6,000 hp. installed, 
the minimum approach speed for a 10° approach 
would be increased from 12 to 60 knots by the stall. 
This seriously affects the landing distance as shown on 
Fig. 5. 

In Fig. 5 the power has been fixed at 6,000 hp , and 
the landing and take-off distances have been calculated 
as a function of gross weight. It can be seen that the 
airplane could operate as a VTOL machine at 28,000 
Ibs. but that with only a moderate overload the landing 
distance jumps to about 1,000 ft. for the stalled case. 
For the unstalled case, however, the landing distance 
increases gradually with increase in gross weight. At 
the previously used gross weight of 44,000 Ibs. (power 
loading of 7.3 Ibs. per hp.), the landing distance would 
be only about 400 ft. Thus we see that, if the stall can 
be avoided, the landing distance is primarily a function 
of the gross weight and power installed, and there need 
by no basic difference between an STOL and a VTOL 
configuration except power. As would be expected 
from the previous discussion, the take-off distance is not 
as seriously affected by the stall. 

The discussion up to this point has served to illustrate 
the effects of the stall and the importance of avoiding 
or minimizing it. The next question of course is, ‘What 
can be done about it?”’ 


STALL CONTROL 


Wind-tunnel tests have provided us with some guide 
posts that point the way toward eliminating or at least 
reducing the effects of the stall on STOL performance. 
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Schematic representation of effects of flow separation. 
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One extremely important parameter in this respect is 
the relative size of the wing and the propellers. 

If we were dealing with a VTOL machine, it would be 
desirable to keep the disc area as large as possible to 
reduce the power required for vertical take-off. Also to 
obtain as high a speed as possible, it would be desirable 
to keep the wing area small. This results in a low ratio 
of wing chord to propeller diameter and can have serious 
consequences in the transition or STOL speed range as 
illustrated in Fig. 6. 

The power requirements in Fig. 6 were calculated 
from model data for an assumed airplane having a 
gross weight of 2,500 lbs., using two 10-ft.-diameter 
propellers, and having a wing span of 25ft. The large 
increase in power required due to decreasing the wing 
chord is readily apparent. 

There are, however, a number of factors involved in 
the differences shown. Note that decreasing the wind 
chord also resulted in increasing the wing loading. 
These changes in wing loading account for the different 
velocities (between 75 and 88 knots) at which the power 
curves drop almost vertically to meet the more familiar 
power required curves. 

The different power levels required in the transition 
speed range (say 40 knots), however, indicate the in- 
crease in severity of the stall as the wing chord is de- 
creased. The trend of the data indicates that, if this 
idea of decreasing wing area and increasing propeller 
disc area were carried too far, it might result in the 
power required in the transition speed range being 
greater than that required to hover. 

The ratio of wing chord to propeller diameter then is 
observed to be a powerful factor in determining the 
severity of the stall. These observations are for tilt- 
wing configurations but would be expected to apply to 
configurations employing flaps also. 

Another means of moderating the effects of the stall 
would be to use flaps as shown in Fig. 7. Here a 
semispan wing with one inboard propeller was tested as 
a tilt wing* and with two flap configurations.‘ Note 
that a considerable portion of the tip of the wing was 
outside the slipstream. Moving from the tilt wing to 
the single-flap and then to the double-flap arrangement 
shows a progressive increase in maximum lift obtained. 
Here a high thrust coefficient (Cr'=6.1) was chosen in 
illustrating the trends so as to be on the conservative 
side. At lower thrust coefficients the advantages of 
the flapped configurations are even greater. 

This points out another difference between tilt-wing 
and deflected slipstream configurations. With tilt 
wings the stall is most severe at moderate thrust co- 
efficients. With flapped configurations it is most severe 
at high thrust coefficients. This would indicate that for 
airplane designs that are not expected to approach the 
hovering condition very closely, and therefore not re- 
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quire high thrust coefficients, the use of a flapped rather 
than a tilt-wing configuration would definitely be pre- 
ferred. 

One modification that can effectively improve the re- 
sults obtained with a heavily flapped configuration jis 
shown in Fig. 8 (data from reference 2). Here the 
addition of a large chord leading-edge slat effectively 
extends the curve well into the approach range of drag 
coefficients. Note that the slat is placed much higher 
and farther forward than normal. This configuration 
was tested in connection with another investigation, and 
the discovery of its stall control effectiveness was almost 
accidental. While the optimum size and location of the 
slat has not been determined, the meager data that do 
exist (reference 5 and some unpublished data) indicate 
that the large size and high forward location used here 
are more effective in controlling the power-on stall than 
the more conventional slat configurations. 

Any discussion of possible means of stall control 
would not be complete without at least some reference 
to boundary-layer control. While experimental data 
on the combined use of boundary-layer control and 
propeller slipstreams in the range ot propeller thrust 
coefficients of interest here are not available, there ap- 
pears every reason to believe that either type (suction or 
blowing) could be effective. 

If it is preferred to avoid the added complication of 
boundary-layer control, however, the designer still has 
at his command several tools for minimizing stalling. 
The proper choice of wing size and propeller disc area, 
the use of flaps-—possibly in combination with tilt and 
the addition of a slat can all be used or combined to 
achieve a considerable measure of control over the wing 
stall. And with the stall under control, the landing 
distance becomes primarily a function of the amount of 
power installed in the airplane. 
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Aids to Inertial Navigation 


Frederick Stevens and Frank W. Lynch 
Nortronics, A Division of 


Northrop Aircraft, Inc. 


The mechanical and natural limitations of inertial systems, methods lo overcome these limitations, 
the problem of inertial platform misalignment, and methods for platform stabilization are discussed. 


a THE FIELD of self-contained navigational systems, 
inertial systems play a significant role. Their advan- 
tages are many. They possess the capability of accu- 
rately determining the position of a moving vehicle 
without reference to any landmarks, to any magnetic 
fields, or to any radiation fields. 

These systems, however, have both mechanical and 
natural limitations. In this paper, it is the intent of 
the authors to discuss certain of these limitations, and 
to indicate some practical methods of ‘‘aiding’’ the 
system performance in order to provide a coherent 
total design. 


PROPERTIES OF INERTIAL SYSTEMS 


Let us consider some of the properties of inertial 
systems. One distinguishing property of such systems 
is their method of sensing present position. Our first 
illustration (Fig. 1) shows how each gravitational 
vector is uniquely associated with a particular position 
on the surface of the earth. 

Conversely, every point on the earth’s surface may be 
associated with the angular or directional coordinates of 
the vector. It will be recognized that in precisely 
this manner, through the mechanism of the spherical 
stretch map, points on the earth’s surface are identified 
by the classical navigator. It should be noted that 
these geodetic coordinates of latitude and longitude are 
independent of linear measurements conducted on 
the surface of the earth and, further, that the co- 
ordinates—i.e., latitude and longitude—of any point 
may be determined solely by an angular measurement— 
viz., the direction of the gravitational vector observed 
at that point. 

A diagram of the basic building blocks of an inertial 
system is shown in Fig. 2. 

The heart of today’s inertial system lies in its accel- 
erometers, supported by a stabilized platform whose 
Space orientation is slaved to that of its reference 
gyroscopes. The stable platform is isolated from craft 
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Fic. 1. Relationship of gravitational vector and points on 


surface of the earth. 


angular motions by mounting it on gimbals, involving a 
varying number of rotational axes, each of which 
represents a degree of freedom. 

Accelerations are sensed and doubly-integrated to 
derive positional information with subsequent feed- 
back to the inertial reference in order to isolate the 
effect of gravity from linear accelerations. 

The relation of these elements is perhaps best 
understood by considering a fundamental physical 
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Fic. 2. Basic inertial system. 
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Fic. 8. Undamped inertial computer. 


property of inertial systems. This property is com- 
monly known as the “Schuler Pendulum.”’ 


In the simple perfect undamped inertial system, if no 
error is introduced, the system will always provide an 
accurate solution to navigational problems. The 
system solution to the navigational problem, however, 
is not unique. If an error of position or velocity is 
introduced into the perfect system, this error will be 
perpetuated in the form of an oscillating error in 
velocity and position as shown in Fig. 3. This oscilla- 
tion is similar to the oscillation of a pendulum whose 
length equals the earth’s radius; its characteristic 
natural period, determined by gravity and the effective 
pendulum length, is 84.4 min. 


It is easy to see that a natural limitation is thus 
imposed on the unaided inertial system and that 
system accuracy is necessarily affected by perpetua- 
tion of the oscillating error. We shall discuss later 
computer aids which will allow the damping of the 
Schuler pendulum and will thus establish a unique 
system solution to the navigational problem. 


In the ordinary and more elementary inertial system 
design, gyroscopes serve alone as the platform stabili- 
zation reference. Initially aligned to some known 
reference, they are continuously rotated in inertial 
space in accord with the angular velocity of the adopted 
coordinate system. Any coordinate system error 
would introduce corresponding inaccuracy in position 
indication. 


In any practical inertial system, imperfections in 
gyros, accelerometers, or their alignment can result in 
measurable errors being introduced into the system. 
Errors resulting from such imperfections are resolved as 
pitch errors, roll errors, or heading errors. These are 
platform errors and exist because of man’s inability to 
design and fabricate elements to the required precision. 


A pitch or roll misalignment of 1 min. of arc corre- 
sponds to a direct positional error of 1 nautical mile on 
the earth’s surface. Fig. 4 shows how a heading mis- 
alignment produces a consistently increasing positional 
error which increases with the distance traveled from the 
point where the error occurred. A heading mis- 
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alignment of 1 min of are corresponds to an error rate 
of 0.66 miles per thousand miles traveled. 

It can be readily seen that platform misalignment 
caused by mechanical limitations of the inertial 
system may become a major source of system error. 

For example, gyroscopes whose drift rate is as low as 
0.01° per hour can permit an error growth at a rate 
of almost 1 m.p.h., quite apart from any misalign- 
ments which were permitted to exist prior to initial 
system operation. Even this precision may not be 
sufficient to meet accuracy requirements in some long- 
range operations regardless of perfection in the re- 
mainder of the system. 

Insofar as initial computer settings and _ initial 
alignment of the stable reference are concerned, little 
difficulty is encountered in ground-based systems, 
where extensive surveys and fixed references may be 
employed to yield almost any practical desired accuracy. 
However, such facility is not present in systems 
operated from moving bases such as ships at sea or 
air-borne aircraft, and accuracy specifications may in 
this event prove too demanding to be met by conven- 
tional concepts of stable platform mechanization and 
system alignment. In addition, some ground-based 
systems which must be placed into action on short 
notice do not permit sufficient time for satisfactory 
preflight operations. 

Integrator response presents still another problem in 
the computational aspect of inertial navigation. Here, 
any inaccuracy is immediately reflected in an equivalent 
error of integration, which continues to be propagated 
within the undamped system in its characteristic 
84-min. oscillation. This can be particularly offensive 
in a total coordinate computation, in which integrator 
range must be spread over that of the necessary flight 
range. Most approaches are confronted with the 
difficulty which is encountered in accelerometer design 
—that of achieving both wide range and high sensitivity 
in an analog device. 


UTILIZATION OF SYSTEM AIDS 


It is evident that the unaided inertial system may 
sasily prove unable to perform satisfactorily within 
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Fic. 4. Undamped system response to reference misalignment. 
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operational restrictions and ranges associated with a 
number of applications in which it could otherwise 
serve to real advantage. To the designer confronted 
with this situation who desires to retain the advantages 
of inertial navigation, several alternatives are at 
once apparent. The first is to proceed with a simple 
inertial system in the hopeful belief that eventual 
development of acceptable accurate production com- 
ponents will be possible within the allotted time span. 
A second and more conservative course involves 
augmenting the basic system in such a manner as to 
eliminate its significant limitations as a result of com- 
ponent error and at the same time to escape the risks 
involved in expecting results too soon in difficult and 
uncertain development areas. 


Velocity Damping 


The utilization of an independent source of velocity 
information for improving inertial navigation system 
performance through the damping of dynamic errors is 
evident. Let us consider three modes of utilizing 
velocity information. 

We may process the independent velocity information 
in such a manner that it may be inserted into the 
computer as a direct correction to the computed linear 
velocity; a derived correction to the measure of linear 
acceleration; or a derived correction to the computed 
position. 

The mathematical equivalence of these three ap- 
proaches has been established for linear filter design. 
Because of this equivalence and the directness of the 
mode wherein the auxiliary velocity information is 
used to correct the computed velocity, this mode will 
be used as a basis of further description. A general 
functional diagram is given in Fig. 5. The conditions 
which determine the finalized filter design for any 
particular system are: the simplicity of mechaniza- 
tion desired; the character of the noise associated with 
the measurement of velocity; and the desired per- 
formance. 

Generally the desired performance is damping of the 
84-min. oscillation associated with the initial conditions 
and attenuation of the effects of noise in the acceler- 
ometer-computer loop. The complexity of the velocity 
filter is usually restricted to first-order operations and 
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Fic. 6. Velocity-damped inertial computer. 


not more than two parameters. The selection of the 
optimum magnitude of these parameters is determined 
by the desired rapidity of damping and the nature of 
the velocity measurement. The current methods of 
velocity measurement are by Doppler shift in radar 
echoes and by true airspeed. In the latter approach, 
wind variations must be lumped with other velocity 
noise for purposes of determining the filter parameters. 

Velocity damping removes only errors in position and 
velocity associated with the 84.4-min. oscillations. 

Fig. 6 summarizes in transform notation the effect of 
velocity damping on computer indications. 

Fig. 7 further illustrates the fact that velocity 
damping does not correct errors due to platform mis- 
alignment. 

We have described methods tor overcoming a natural 
limitation of the inertial system imposed by the charac- 
teristic S4-min. oscillation. Now we turn to methods 
for overcoming the mechanical limitations of the 
inertial system. 


Automatic Star Tracking 


When operational conditions do not permit accurate 
platform alignment prior to take-off, and when available 
gyroscopes can be expected to allow excessive drift of 
the stable platform, additional equipment to correct 
the stable platform is necessary. 
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Fic 5. Velocity-damped inertial system. 
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Fic. 7. Response of damped computer to initial conditions. 
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Fic. 8. Effect of single check-point incorporation. 


To meet this problem, one or more automatic star 
trackers can be used in connection with the gyro- 
stabilized platform to establish the platform space 
orientation. 

In operation, this utilization of star tracking provides 
signals to the gyroscopes which serve to correct their 
angular position to inertial space. The stabilized plat- 
form continues to operate just as it does in the basic 
inertial system with the exception that its performance 
is enhanced; gyroscope drift is eliminated in effect as 
are misalignments due to severe launch shocks and to 
poor initial conditions such as may result from inexact 
knowledge of the launch site coordinates. 

During any absence of star tracking information, the 
gyro-stabilized platform performs just as it would have 
in any unmonitored system. Star tracking can be 
initiated anew after periods of cloud cover within 
limits of the design parameters of the system such 
as telescope field size and expected drift rates of the 
unmonitored platform. 

The design of tracking equipment for inertial systems 
presents problems which are met by the designer of all 
types of tracking systems. Let us examine, however, 
the problems of optical tracking of celestial bodies. 

Tracking system design is first dictated by the class 
of celestial bodies which is to be used to provide 
‘fixes’? on the inertial coordinate system, the time 
relationship of those bodies to the coordinate system, 
the desired total field of view, the size of the search 
field which must be covered, and the time allowed to 
cover this field. 

The class of trackable bodies will usually be deter- 
mined on the basis of the image properties, size, ease of 
pointing computations, and the character of back- 
ground noise levels. The time variation within the 
adopted coordinate system of the vectors which repre- 
sent the celestial bodies must, of course, be considered 
in computation of the ideal, or reference, pointing of the 
tracking telescope. While the computations necessary 
to resolve the tracker angles into the platform coordi- 
nate system may prove complex, if desired they can be 
performed on the ground in advance of take-off as 
well as while in the air. 
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It should be noted that absolute-time information 
will be required for an inertial system utilizing celestial 
tracking. while an ‘‘unaided”’ system could operate 
with consideration only of the relative time from 
take-off. 

The total angular coverage of which the tracker must 
be capable in its various pointings relates to the 
angular distance which it must provide between the 
celestial vectors which are to be used to correct the 
angular position and velocity of the reference gyro- 
scopes. 

Search and tracking frequencies are based upon the 
search field size, which must be large enough to include 
anticipated stable platform misalignments caused by 
initial error as well as drift between take-off and the 
inception of tracking. Search and tracking frequencies 
are also based upon bandwidth considerations related 
to a usable signal-to-noise ratio. Design of the tracker 
optics and sensing system are additional factors. 


Check-Point Incorporation 


Errors from any source may be overcome to a degree 
by incorporation of check-point information. This is 
especially true in piloted aircraft applications in 
which the crew can be of assistance because of its 
obvious direct relationship to the prime navigational 
output. Search radar and visual systems have been 
employed in this respect, the former for its advantage 
of area coverage, the latter for relative definition and 
precision. Of course, some reasonable distribution of 
checkpoints must exist in or near the area where 
accuracy is of interest if useful information is to be 
derived. 

It is possible to automatize the check-point operation. 
The fashion in which check-point information usually 
is introduced to the basic inertial computer to effect 
the necessary correction is quite elementary, and its 
effect is illustrated in Fig. 8. As shown, residual 
velocity error, unaffected by correction of observed 
position error, is left to propagate a new but not larger 
error. Thus, a series of check-point observations at 
suitable intervals can lead at each step to a further 
reduction of both position and velocity uncertainty, 
as shown in Fig. 9. 


FIRST SECOND 
CORRECTION CORRECTION 
POSITION 
ERROR 
4 
/ELOCITY 
TIME 
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These corrections, when applied specifically to the 
computer, permit any reference misalignment to con- 
tinue as a source of position error. Other and some- 
what more complex approaches to check-point correc- 
tion which affect reference as well as computer align- 
ment are feasible. 

Air-borne radar, tracking a beacon whose position is 
known accurately, can provide a rapid reduction of 
errors in both position and velocity; this essentially 
continuous form of check-point incorporation can be 
performed equally well with interchanged location of 
tracker and beacon if a communication link is added to 
the system. Both velocity and position corrections 
are affected, with time constants chosen on the basis of 
a compromise between the desire for rapid decay of the 
error and the necessity to avoid unpleasant effects of 
tracking noise. When the beacon can be tracked at 
short range, an appreciable increase in precision can be 
achieved. 

A final method of check-point incorporation involves 
the use of the hand-held sextant—a procedure familiar 
to any Air Force or Navy navigator. If the direction 
of the vertical is assumed to be known, as well as an 
accurate indication of time, the ‘‘shooting’’ of stars 
can establish local position. 


Combining System Aids 


To this point, the discussion has been concerned with 
the effects of individual techniques for aiding the 
inertial system. It has been shown that some of 
these schemes correct the computer, while others 
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secure proper platform orientation; in some cases, 
either the computer or the platform may be aided, 
depending upon the manner in which the auxiliary 
information is introduced into the basic system. 

This is accomplished through a combination of two 
or more of the possibilities already enumerated. For 
example, the platform orientation could be corrected or 
improved by radar check-point with the computer 
employing velocity damping. The combination of 
star tracking for more exact platform orientation with 
radar - check-point corrections for the computer is also 
possible. Highly satisfactory results could be obtained 
by combining star tracking and velocity damping. 
The effect of the tracking in this case would be to 
ensure that the computer is damped to the proper 
reference so that the computations would be not 
merely nonoscillating but actually correct. 

It is important to note that inertial navigation 
systems are no mere mathematical concepts. They 
come in all sizes and shapes, with accuracies to match. 
Every type of aiding scheme discussed here either is a 
part of an existing system or has at least been flight- 
demonstrated. Star tracking is as feasible in daylight 
and twilight hours as in the dark of night; check- 
points can be used for computer correction. Velocity 
damping works as theory indicates it should. Some 
systems use single aids, some apply combinations, and 
others get along with no aids at all. Through the use 
of appropriate aids, the state of the art is such that an 
inertial navigation system either has been built or 
could be designed to meet any reasonable set of require- 
ments. 
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1958 NATIONAL MIDWESTERN MISSILES MEETING 


St Louis is the location of the National Midwestern Missiles Meeting scheduled for May 12-14, 
The St. Louis Section will be host and, together with the New York office, 
is busy making advance arrangements and organizing the program of technical sessions. 
wish to contribute to the Missiles theme may send abstracts of papers to the IAS Secretary, 2 East 64th 


1958, at the Chase Hotel. 
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An Aerodynamic Screen for Jet Engines 


Flow phenomena giving rise lo 

material pickup from aircraft runways, 

flow characteristics of the “blowaway Jel,” 

and test resulls on the working device 

are described. Data are given 

regarding the necessary air quantities and pressures. 


SyMBOLS 


d = diameter of throat of blowaway jet orifice 

D, = inlet diameter 

py) = ambient pressure 

P,; = pressure applied to blowaway jet nozzle 

V;_ = velocity of air entering inlet 

Vo = wind speed approaching inlet : 
Vy = terminal velocity of particles : 


W; = weight of air per unit time entering inlet 

W; = weight of air per unit time expelled through : 
blowaway jet 

Z; = elevation of blowaway jet nozzle 


Z; = centerline height of inlet 

B = depression angle of nozzle below horizontal 

py) = ambient density 

pj = jet air nominal density; density at jet temperature 
and ambient pressure 

wy) = vorticity of air in stream approaching inlet 


‘ea POSSIBILITY of a jet engine incurring damage 
by aspirating pebbles, metal particles, mud, slush, 
or other runway debris is an obvious danger to any 
airplane engine breathing large quantities of air. 
Available information indicates that roughly half of 
all jet engines removed from aircraft for repairs are 
removed because of damage by foreign material and 
that the majority of jet engines removed for whatever 
cause are found on inspection to have suffered damage 
as the result of the entrance of foreign material into the 
engines. Such foreign materials may be items left by 
personnel, thrown in by nose wheels, or picked up with 


This work is an abridgment by the author of a comprehensive 
paper of the same title obtainable as IAS Preprint No. 676. 

The author is Aerodynamics Design Specialist, Santa Monica 
Division. 
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the aspirated air. A breakdown among these sources 
has not been well established, but it is the elimination 
of the last source, which is known to be important, that 
is the subject matter of this paper. 

The prevention of foreign material from entering 
engines has been the source of considerable activity 
and some controversy. A large fraction of present jet 
airplanes use metallic screens. Such screens involve 
performance penalties and to some extent introduce 
icing and structural failure dangers of their own. 
With retractable screens, retention of the aspirated 
material has also been a problem. Steps have been 
taken to sweep runways with powerful vacuum cleaners. 
Since jet-engine overhaul is expensive and since both 
economics and safety are involved, the prevention of 
engine damage by foreign material is important. 


EARLY TESTS 


The DC-S jet transport, in common with many other 
aircraft, has large turbojet engines comparatively close 
to the ground. The possibility that the engines might 
suck up loose material from the runways was recognized 
early in the design of the DC-8 airplane. In order to 
investigate the problem, a series of small-scale tests was 
conducted in 1953. 

An industrial vacuum cleaner was used with a 1-in. 
diameter inlet. For the simple case of zero wind speed 
and a smooth ground plane, reference 1 describes these 
tests in which measurements were taken of the extent 
to which particles were aspirated. It was found pos- 
sible to characterize the particle by a terminal falling 
speed, regardless of its physical shape or composition. 
The data obtained and plotted as the line on Fig. 1 
show the centerline heights in diameters as a func- 
tion of the ratio of particle terminal speed to inlet 
air speed for the threshold of particle aspiration. For 
example, from this figure, an inlet 2.53 diameters above 
the ground (which corresponds to the JT3C inboard 
engines on the DC-8) would suck up particles with 
ratios of particle terminal velocity to inlet velocity of 
less than 0.009. If the inlet velocity is taken as some 
definite value, then in dealing with material of a certain 
density, say sand or pebbles, it is also possible to add a 
scale of particle diameter. This has been done in Fig. 

| using the DC-S8 inlet velocity. 
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Comparison of experimental data on turbojet inlet 
particle aspiration. 


For the above example one would expect only sand 
less than 0.006 in. in diameter to be aspirated. This 
was supported by all the full-scale tests performed by 
engine manufacturers and quoted in reference 1. 
These corroborating data are shown on Fig. 1. It 
was recognized at the time that this conclusion applied 
only in the absence of wind and that wind conditions 
aggravated the pickup of material. It was further 
recognized that the pickup of material was associated 
with a rotating type of vortex flow beneath the inlet. 
The difficulties associated with running tests under vari- 
ous wind conditions precluded running systematic tests 
at that time. 

In 1955 the NACA reported a series of full-scale 
engine tests run out of doors at the Lewis Flight Pro- 
pulsion Laboratory.? These tests indicated that under 
quiescent conditions essentially no material was aspi- 
rated, in agreement with the conclusion from the 
threshold line of Fig. 1. Under wind conditions be- 
tween 1 and 17 m.p.h., however, pebbles estimated as 
1/2 in. in diameter were sucked into the inlet in con- 
siderable number. This sucking up was associated 
with a vortex which was visible because of condensation 
and which appeared in front of the inlet. The vortex 
seemed to suck up any pebbles which were prevented 
from rolling by a rough ground surface. The NACA 
data point is shown as the plus sign on Fig. 1. Thus 
the full-scale tests showed that under certain wind 
conditions the engine sucked up particles very much 
larger than predicted from the quiescent threshold 
line deduced from model tests. 

A second series of tests was then conducted in a 
Douglas Santa Monica test facility. A 20 per cent 
scale model (6 in. inlet diameter) was constructed and 
coupled to a large blower. This facility was capable 
of achieving full-scale inlet velocities. In order to 
maintain a strong consistent vortex, it was found 
expedient to construct an apparatus which would give 
a controllable rotation. A fan was used in a circular 
baffle to ensure a prerotation in the air approaching the 
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inlet. 


It was found that the circular baffle was not 
necessary if the fan were properly positioned. This 
test led to the following conclusions: 

(1) The vortex noted during the full-scale tests of 
reference 2 could be readily reproduced and was due 
primarily to rotation in the air stream, because of wind 
conditions remote from the inlet, and to the updraft 
caused by the inlet. Both were extremely important, 
and increasing either greatly intensified the vortex. 
The effects of the type of ground surface and boundary 
layer on vortex formation were relatively unimportant. 
This last was proved by replacing the ground plane by 
a second “‘image’”’ inlet. The resulting vortex seemed 
to be, in all respects, the same as the vortex from a 
ground plane. 

(2) The measures for alleviation tried at the time of 
the 20 per cent tests were ineffective. These included 
raking the inlet, adding a “‘bib,” using an elongated 
inlet, and trying several other configurations designed 
to fend off the pebbles. The vortex and pebbles both 
displayed a singular agility in dodging any obstacles. 

(3) In agreement with the tests of reference 2, it was 
found that large pebbles could be aspirated by the DC-8 
engines when the vortex was present. This is indi- 
cated by the “‘x’”’ shown on Fig. 1. 

Following these tests, an additional remedy was 
considered which consisted of a fan slipstream designed 
to blow away the vortex. This stream would take ad- 
vantage of the fact that a linear vortex induces no 
velocity on itself, however large the velocities induced 
elsewhere. It was reasoned then that even a small 
velocity, however induced, should suffice to blow away 
the vortex. The difficulty envisioned at that time (this 
difficulty was later borne out for a horizontal stream) 
was that, unless the air stream was very large in diam- 
eter, the vortex would simply bend around the fan 
slipstream as it did around the other obstacles and 
appear elsewhere. Because of this envisioned diffi- 
culty, no further tests were conducted for approximately 
1 year. 

In the summer of 1956, a 40 per cent inlet model which 
had been used for inlet performance tests became avail- 
able for additional pebble pickup tests. It was de- 
cided then to run some tests including whatever new 
remedies had been suggested since the 20 per cent 
scale tests. These included a stream of air from a 
fan. It was suggested that a jet of air also be tried 
because it could more readily be provided on the air- 
craft. The 40 per cent scale tests were begun in July, 
1956, and the findings of this test are the main subject 
of this paper. 


VORTEX FORMATION 


The phenomenon of vortex formation is a_ well- 
known and striking occurrence in nature. The for- 
mation of a vortex in a draining bathtub for example 
is a familiar sight. In the ordinary operation of pro- 
peller-driven aircraft, the formation of a visible vortex 
over a wet runway or in damp weather is a fairly com- 
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VELOCITY 
DUE TO WIND 


a. NO INLET, b. INLET PRESENT, 


UNIFORM CONCENTRATED 
VORTICITY VORTICITY 


Fic. 2. Flow phenomena giving rise to a vortex. 


mon occurrence. A study of meteorological journals 
and textbaoks indicated that the formation of torna- 
does, dust devils, and fire whirlwinds had been ob- 
served and studied by many investigators (for ex- 
ample, references 3 and 4). 

The cause of the formation of a vortex is fairly well 
understood. The explanation given here was chosen 
to facilitate understanding the remedy developed. 
Consider an inlet which is mounted above a flat ground 
as in Fig. 2. Suppose a nonuniform wind is blowing 
with a velocity whose magnitude is indicated in Fig. 
2a. Such a velocity gradient can be caused by the 
wind blowing past surrounding buildings or a grove of 
trees—or by some other cause. However caused, the 
constant velocity gradient assumed here for simplicity 
gives a uniform vorticity expressed by 


w) = velocity gradient 


This vorticity vector is directed vertically upward as 
in Fig. 2a which means that the local elements of air 
on the ground are each individually rotating about a 
vertical axis with the same angular velocity. The 
presence of the inlet of itself creates a flow pattern 
similar to that in Fig. 2b. The heavy stream tube 
shown goes from a very wide cross-section area close to 
the ground to a very narrow one above the ground. 
It is well known® that the product of vorticity and 
stream-tube area is a constant in any given stream 
tube. This product is termed the circulation. It 
follows that this product is constant between the sec- 
tions AA and BB. It follows also that the vorticity at 
BB is enormously increased above the undisturbed 
value w) prevailing at AA since the area of BB is ex- 
tremely small compared to that at AA. This increase 
is then due to the updraft created by the inlet. It is 
this increase in vorticity which constitutes the con- 
centrated vortex observed. From this example, we 
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generalize that the following three requirements must 
be met in order to form a vortex: 

(1) There must be a circulation in the fluid under 
consideration. (It should be pointed out that the cir- 
culation produced by the rotation of the earth is 
completely negligible here.) 

(2) A concentration of the vorticity must result from 
the flow pattern. A suitable method of such concen- 
tration is an updraft away from a surface. This up- 
draft is caused by buoyant forces in the case of dust 
devils, by the inlet in the case of a jet-engine or wind- 
tunnel intake, and by the drain (creating a downdraft) 
in the case of the draining bathtub. 

(3) A stagnation point is also required for a station- 
ary vortex. This is required inasmuch as the vortex 
otherwise would not remain stationary but would 
move away with the fluid. 

If any one of these requirements is not met, the vor- 
tex will not form. For example, in Fig. 2b, if the inlet 
were centered at D instead of C, the high mean ve- 
locity could prevent the formation of a stationary 
vortex there if it prevented a stagnation point below 
the inlet. 


BEHAVIOR OF A DOWNWARD DIRECTED JET 


The remedy developed here is called the ‘“blowaway 
jet.” In order to see how it operates, it is well to con- 
sider first a few characteristics common to streams of 
air induced by fans, by blowers, or by high-pressure 
jets of air. Experiment, as well as theory, indicates 
that such a jet gradually mixes with its surroundings 
and slows down. Further, the velocity on the jet 
axis is found to vary approximately inversely as the 
distance as one moves axially downstream along the 
jet. These characteristics are indicated in Fig. 3a. 
Notice that, if mixing did not take place, no slowing 
down would be observed and the jet would continue 
unattenuated. This is in contrast to a simple source 
or sink whose streamlines spread in all directions even 
without any mixing and whose velocities vary inversely 
as the distance squared.’ This difference is illustrated 
in Figs. 3a and 8b and leads to the conclusion that in 
certain regions even a small jet will locally induce 
larger velocities than a sink. 

Another characteristic of a jet that is pertinent is the 
fact that a jet of air directed onto a plane spreads 
radially in all directions in the manner suggested in 
Figs. 8c and 3d. For the purpose here the following is 
to be noted. Neglecting mixing the velocity is constant 
along the free streamline AB. Thus the velocity 
directed radially outward is constant, and the height 
BC of the jet diminishes as the inverse of the radius. 

The pertinent facts of a jet directed at a plane are 
then the following: 

(1) The jet influence penetrates a considerable dis- 
tance compared to a sink. 

(2) The jet spreads very thinly on the plane, and the 
radial velocity is high until mixing effects diminish it 
in the manner suggested in Fig. 3d. 
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The jet directed at a plane is the crux of the blow- 
away jet, and, since applicable data were not known, 
a series of tests was run on jets of this type. Some of 
these data along with a dimensional analysis of the 
problem have been given in reference 8. 


THE BLowaway JET BASIC PRINCIPLE 


The principle of the blowaway jet then consists of 
the following. A jet of air induced by a fan or by a 
high-pressure air source is directed downward below 
the inlet. This jet of air carries to the ground and 
spreads on the ground in all directions in the manner 
previously described. The velocities induced at the 
ground by even a relatively small jet are sufficient to 
overpower any inward radial velocity induced by the 
large inlet. This is by virtue of the previously stated 
fact that the jet velocities decay as 1/R, whereas the 
inlet-induced velocities decay as 1/R*®. Thus the jet- 
induced velocities are sufficient to prevent the concen- 
tration of vorticity leading to the vortex and to pre- 
vent any vortex from attaching below the inlet. This 
was found to prevent completely any material being 
sucked into the inlet. 


Test Arrangement 


The test arrangement in the photograph of Fig. 4 
was set up in the Santa Monica wind-tunnel facility. 
A 40 per cent scale model of the DC-8 inlet was posi- 
tioned a distance above the ground in accordance with 
the DC-8 inboard nacelle. The inlet was connected to 
a laboratory blower that could obtain full-scale inlet 
velocities. In order to achieve a consistent, powerful 
vortex it was found desirable to use two opposed blow- 
ers to create a shear flow. The exact positioning of 
these blowers was important in order to produce a 
stable vortex for observations. The winds imposed 
by the blowers were not appreciably larger than nat- 
ural winds frequently encountered. This arrangement 
gave a reasonably controllable vorticity which sufficed 
to create a strong vortex when the inlet was absorbing 
large quantities of air. Below the inlet a pipe was 
arranged from the laboratory air supply as shown in 
Fig. 4. This pipe could be rotated about its axis. 
Drilled pipe plugs of various sizes could be inserted 
into the pipe tee, and the pressure could be controlled 
by the throttle valve and measured by the gage. 
This provided a controllable jet whose direction, size, 
and pressure could be varied. Tests were run with a 
series of orifice sizes, air pressures, depression angles, 
and with various other conditions to be discussed later. 


W; i wD; Vo 
Wi D; Vi Vi 
Required Inlet Approach Approach 
airflow height vorticity velocity 
ratio 
configuration and—----—— 


ambient condition 


a. SPREADING JET 


b. SINK 
\~ 


v~DISTANCE?2 


7” 
c. NON-MIXING JET d. REAL JET DIRECTED 
DIRECTED AT PLANE AT PLANE 


Fic. 3. Some features of a jet directed at a plane. 
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Test Results 


Tests were run with the described equipment in the 
following manner. The flow into the inlet was held 
at such a value as to give full-scale inlet velocities. 
The ground surface was provided by a plywood board 
on which various materials could be placed. The 
best materials to illustrate the phenomenon involved 
were found to be water spread over the surface of the 
plywood, supplemented by small metal parts or 
pebbles scattered on the plywood. Fig. 4 shows the 
vortex formation over a dampened floor. Tests were 
run with each orifice configuration by throttling down 
the pressure to such a value that the vortex was just 
dissipated. Higher pressures blew material outward 
from beneath the inlets somewhat more violently, and 
lower pressures permitted the vortex to reappear 
occasionally. 

A dimensional analysis of the problem given in 
reference 8 led to the result shown in the equation 
below. The parameter on the left represents the 
fraction of the inlet air required to dissipate the vortex. 
The first three parameters on the right represent the 
conditions of the inlet and its surroundings. All the 
parameters on the right of the equation below were 
held at the values of Table 1 and the pressure valve 
regulated to provide the required W;/W; and accom- 
panying pressure ratio. This gave W,/W; for specified 
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Independent Variable Values Maintained During Tests 


Dimensional Values 


Inlet Inlet Ambient Wind Nozzle 
Diam. € Height Density Speed Height 
dD; Zs po* Vo Zj 
ft. ft. slugs/cu.ft. ft./sec. in. 
1.01 2.57 0.00238 0 20.8 
Dimensionless Ratios 
Inlet Vorticity Wind ‘ee city 
Ht./Diam. Ratio Inlet ratio 
Zi/D; / Vi)T Vo/ Vi 


2.53 0.015 0 


* These quantities were taken as standard values. 


+ This measurement was taken at 3 in. above ground and is believed to be only approximate. 


values of the independent variables. By changing 
orifices, a plot against P,,/po was possible. 

The observed data are given in Fig. 5. The ordinate 
represents the airflow expended through the orifice as a 
fraction of inlet airflow, tie abscissa represents the 
jet pressure in atmospheres. These are given non- 
dimensionally so that the same curve applies to the 
model and full-scale article. The dimensional data 
corresponding to the test ranges are also given in Table 
1. All air temperatures were essentially atmospheric 
throughout the test. The pressure necessary to dis- 
sipate the vortex with any orifice diameter located the 
corresponding test point on Fig. 5 and gave the data 
shown. It may be noted that less than 1/10 of | per 
cent of the engine air was found sufficient to dissipate 
the vortex at high pressures. This figure increased 
for the larger orifices associated with lower pressures. 

During the course of the tests it was found that a 
scatter band existed in the quantity of air selected as 
that required to dissipate the vortex completely. 
This scatter, shown in Fig. 5, was due primarily to the 
fact that the vortex reappeared instantaneously from 
time to time at marginal pressures thus making it 
difficult to choose the exact pressure at which the 


vortex was completely banished. This momentary 


appearance of the vortex in no case picked up any ma- 


Fic. 4. The vortex formed in front of the inlet over a wet floor. 


) 


(40 Per Cent Scale Model Data for Fig. 5) 


1957 
TABLE 1 
Nozzle 

Nozzle Gage Nozzle Depression Jet 
Shape Pressure Diam. Angle Density 
con- Pi, — Po d B 
ver- Ibs. /sq.in. in. deg. slugs/cu.ft. 
gent 30 to 175 0.08 to 0.38 70 0.00238 


Nozzle Depression Density 
Ht./Diam. Angle Ratio 
Z;/Di 8 p;/ Po 
70° 1.0 


BLOWAWAY JET AIRFLOW 
INLET AIRFLOW 


.003 


.002+ 


Oo 2 4 6 8 W 12 

ABSOLUTE JET PRESSURE, 
ATMOSPHERES 


Air requirements of blowaway jet. (NoTE: See Table 1 
for operating conditions. ) 


Fic. 5. 


terial, however. The data shown include two separate 
tests with separate observers. 

If the air quantity was equal to or greater than that 
of Fig. 5, the blowaway jet proved to be perfectly con- 
sistent. When the jet was turned on to a sufficient 
pressure, the vortex disappeared in all cases and ma- 
terial was not aspirated. When the jet was turned 
off, the vortex reappeared and sucked up various 
materials. 

The inlet height parameter Z;/D; has not been varied 
as yet although such tests are planned. It would be 
expected from the foregoing that a higher inlet would 
require a less powerful blowaway jet and vice versa. 
The approach vorticity parameter, wD; V;, was varied 
over a wide range by altering the circulation blowers’ 
position and exhaust velocity. An extremely rough 
measurement of this quantity was made. It appeared 
to exercise no large effect on W/W; over the range in- 
vestigated. The vorticities used while taking the 
data of Fig. 5 were made as intense as possible with the 
available blowers. 

The approach velocity was varied in an attempt to 
simulate head- and cross-wind effects. The winds 
simulated were of the order of 20 ft. per sec. These 
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simulated winds were achieved by means of auxiliary 
fans directed horizontally toward the inlet. The effect 
of this on the functioning of the blowaway jet was not 
noticeable. 

Varying of the nozzle height showed that a jet closer 
to the ground (low Z;/D;) required less air. For the 
data of Fig. 5 the height was held such as to be prac- 
tical for a flush installation in the nacelle skin of the 
DC-8. 

The depression angle 8 was found to exercise a large 
influence on the air required. Over a range of 6 from 
60 to 90 deg. there was little change in air requirements. 
When 6 was 45 deg., however, very large values of 
W/W; were required. When 6 was substantially less 
than this, the vortex could not be dissipated at all. 
The test data of Fig. 5 were run at 8 = 70 deg. which 
was found to be about optimum. 

The density ratio p;/p) was held at essentially unity 
during these tests. Available information—e.g., refer- 
ence 7—indicates that the effect of density ratio would 
be noticeable but not crucial. It was neglected here. 

The materials which were sucked up by the inlet 
with the blowaway jet inactive consisted of pebbles as 
large as 3/4 of an inch in diameter, large aircraft-type 
rivets up to 1/4-in. shank and 1'/2 in. long, various 


washers up to 1'/2 in. in diameter, sheet metal strips 
up to 6 in. long and 0.020 in. thick, metal clips and other 
metallic parts. In order to explore whether materials 
free to roll could be sucked up, 1/2-in. marbles were dis- 
tributed below the inlet, and it was found that these 
also could be sucked up readily by the inlet. Rags 
could also be sucked by the inlet, but usually they were 
sufficiently light to be blown away by the periphery 
of the vortex. It appeared that to be readily picked 
up, a material should be neither too heavy nor too light. 
The size of the foreign particles at full scale would be 
the same as at model scale—that is, the 3/4-in. pebbles 
picked up during model tests correspond to 3/4-in. 
pebbles full scale. 

It should be mentioned that sucking up of anything 
by the inlet was a comparatively rare event. When a 
considerable amount of debris was deliberately scattered 
beneath the inlet, it often took 1 or 2 min. for some- 
thing to go up. No shower of items proceeded into 
the inlet at any time. As shown in reference 8, a full- 
scale test would pick up about six times as many items 
per unit time as a model (for the same debris below the 
inlet). However, even full scale, one would not expect 
a shower of items to enter an inlet, but from time to 
time one could expect material to be aspirated, depend- 
ing on weather conditions and other aircraft  slip- 
streams creating vorticity and on runway cleanliness. 

Information other than the foregoing data on the 
amount of air required for the blowaway jet was also 
accumulated. The jet did not affect the inlet because 
of the small air quantities involved. Even when the 
jet was moved very close to the inlet and directed either 
in or out of the main inlet, no effect was perceptible. 

The use of a multiple series of jets under the inlet in 


place of the single jet was tried, and it was found in all 
cases that more air was required with multiple jets 
than with a single jet. A single slit extending one 
inlet diameter across the bottom of the inlet also re- 
quired much more air than did a single round jet. 
Tests were run with a 10-in. diameter fan which showed 
that the fan slipstream behaved essentially like the jet. 
The vortex was dissipated at sufficiently large angles 
of depression but not dissipated with a horizontal fan. 
The fan power required was of the order of one tenth 
that required for the jet, which was to be expected 
since a low-speed, large mass jet has a larger momentum 
output per unit power. The unwieldiness of a fan in- 
stallation would, however, preclude its use under an 
airplane. 

The effect of ground condition was also investigated. 
A very rough rubber mat with a ribbed 1/2 in. (model 
scale) construction was substituted for the smooth 
plywood floor. There was no perceptible difference in 
the blowaway jet effectiveness. 


CONCLUSIONS 


The following conclusions may be drawn from the 
blowaway jet investigation: 

(1) The blowaway jet represents a simple, safe, 
economical scheme for effecting a very large reduction 
in the amount of engine damage to be expected due 
to material pickup from the runways. 

(2) The performance penalty is extremely small 
since the airflows required are small. 

(3) The foregoing features make it worthwhile to 
consider the installation of the blowaway jet on other 
planned and presently operational aircraft. 

(4) The principle used in the blowaway jet appears 
to be one fundamental method to dissipate a vortex. 
Other applications of this principle have been specu- 
lated upon. For example, vortices in emptying tanks 
or small tornadoes might conceivably be dissipated or 
deflected. 
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Rear Adm. D. J. Welsh, USN 


The operational requirement is discussed from conception to 
completion with special attention placed on the elements which 
directly form and affect il. 


Around the Requirement in Thirty Minutes 


i TERM OPERATIONAL REQUIREMENT is_ used 
by the Navy to describe the military operational 
need for a weapon system. In the case of naval air 
weapon systems, the requirement calls out combat 
and flight characteristics and the combat mission cli- 
mate in which the system will perform. It includes 
background information, comments on the system's 
compatibility with other systems, first availability 
dates, and the life span of the system in terms of serv- 
ice use. 

The language of the operational requirement is quite 
general. It is supplemented by a more detailed foot- 
note called the development characteristic. The de- 
velopment characteristic describes in greater technical 
authority and detail specific “numbers” and perform- 
ance dimensions of the weapon system. This elabora- 
tion upon the requirement follows outline agreements 
on the technical solutions workable within the time 
period involved. For purposes of discussion here, the 
operational requirement and the development char- 
acteristic will be considered as one. 

A part of the staff of the Chief of Naval Operations 
(CNO), the Air Warfare Division of the Office of the 
Deputy Chief of Naval Operations for Air has the re- 
sponsibility for documenting the operational require- 
ment. But there are many elements from many 
places that affect the requirement, help to shape it, and 
influence it. 

I wish to enumerate these elements that directly 
affect the operational requirement, and then discuss 
them individually. First, we shall see that a main 
source of authoritative information about needed 
weapons is the people who will fight with them—the 


Rear Adm. Welsh is Assistant Chief for Plans and Programs 
with the Bureau of Aeronautics. 


54 


personnel of the fleet. Secondly, CNO has the re- 
sponsibility both for overall formulation of tactics and 
strategy and for initial prosecution of programs for the 
design and development of weapon systems. A third 
element is the aircraft industry which often comes for- 
yard with new ideas and aircraft systems and which al- 
ways is the best commentator on its own production 
capabilities. Another element is the possibilities 
envelope offered by technology and science. In the 
business of naval air weapons development, much 
reliance is placed upon the findings and opinions of the 
technological personnel in the Bureau of Aeronautics. 
Collaborating with them are the basic scientists of the 
Office of Naval Research (ONR), private laboratories, 
universities, and again, industry’s reservoir of basic 
research knowledge. We cannot plan weapons upon 
which a part of the national security is dependent with- 
out an eye to what the enemy is doing; so intelligence 
becomes another element. And finally, an element 
which may be blessing or bind, depending upon which 
color of ink is used, money. 


To elaborate upon these elements which are the 
major ones contributing to the making of an opera- 
tional requirement, let us first consider the fleet. 


It is easy amid the tons of paper work we do in the 
bureaus to lose sight, sometimes, of the realities of the 
operating situation. Our eyes sometimes get carboned 
up from all those carbon copies. Or we get accustomed 
to looking for little compromises. 


They tell of a sea-going young naval officer who did a 
3-year tour of administrative duty in one of the 
bureaus in Washington and then found himself in 
command of a destroyer escort in the North Atlantic. 
One morning he came to the bridge and decided to in- 
crease speed. 
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“Full speed ahead,” he ordered the OD. 

“There’s an iceberg dead ahead, Sir,’’ reported the 
OD. 

‘Full speed astern,’’ was the next order. 

“There’s an iceberg dead astern, Sir,’’ said the OD. 

Without a second’s hesitation, the new skipper from 
Washington ordered, “Full speed sideways!’’ He had 
been overtrained at compromising. 

It is not that bad, really, but in the drafting of an 
operational requirement we want to feed in the realism 
and experience of the men of the forces afloat. The 
using command will have quite definite ideas as to a 
system’s ability to work and live in its ultimate en- 
vironment. Observations on ranges, refueling esti- 
mates, cycle time, maintainability, spare parts and 
logistics planning, as well as more objective thoughts 
on the weapon’s worth to the fleet and to the nation, 
can be obtained from the fleet. Of special value are 
the opinions concerning the ability of a projected 
weapon system to be compatible with existing systems; 
this is especially true in antisubmarine warfare systems 
where a whole complex of systems operate as a team. 

The benefit of this sort of sea-going and flying 
experience is secured through the rotation of fleet 
officers through the organizations within the Navy 
Department. In other words, officers with operat- 
ing experience will be assigned to planning or de- 
velopmental units working on the new systems. 
Another way is by normal communications with 
the fleet. Letters, memoranda, personal talks, even 
the bull sessions after conferences are all channels 
through which operating experience is ground into 
problems. The end result is a most desirable com- 
mentary about a new requirement from an authorita- 
tive source, and it ranges from detail to mission con- 
cepts. I recall the story about the late Admiral ‘‘Pete”’ 
Mitscher who once asked the Bureau to redesign a 
gasoline cap. The Bureau asked him in turn for specifi- 
cations. He said he didn’t have any specifications but 
that he wanted “a cap that can be installed on the 
darkest night by the dumbest mechanic without any 
possibility of error.”” A terse statement, but a clear 
one, and the sort of realism that we get from the fleet. 

From CNO we get the broadest guidance for the 
requirement. Overall planning for future naval opera- 
tions is documented in studies dealing with long-range 
plans and programs, including aims, objectives, stra- 
tegic implications, expected operating climates, and, 
in fairly great detail, the make-up of future forces and 
fleets. The need for effectively meeting the widest 
range of military and political situations in con- 
sonance with national policy and commitments, and 
with greatest economy, is pointed out. 

As I mentioned earlier, the aircraft industry is one of 
the chief elements in the making of the operational re- 
quirement. Industry also may be the initiator of the re- 
quirement. This is not to say that industry may know 
all there is to know about all elements involved, but it 
is to say that when industry comes forward with a new 
concept for an aircraft such as the VTOL airplane and 


shows that it will work, then the other elements in the 
requirements system will adapt and adjust to it. In 
other words, when the company has “‘sold”’ its new idea, 
the requirement can be written around it. Sometimes 
this means the changing of requirements for existing 
missions, and sometimes it means the establishment of 
an entirely new mission requirement. 

In addition to the aircraft industry which contains 
scientific and engineering talent of its own, another 
element which goes into the shaping of the requirement 
is the one of technology. 

Aeronautical science and engineering talent in the 
Bureau of Aeronautics has a responsibility for keeping 
abreast of the state-of-the-art. They are in a partic- 
ularly good position to comment upon, or even generate, 
new requirements. On the one hand they study the re- 
sults of basic research performed in such places as ONR, 
NACA, industrial laboratories, ARDC, the universities, 
and friendly foreign nations. On the other, they are 
involved with applied research for air weapon systems 
that are committed to, or already in, the hardware 
stages. It is their job within the Navy to show what is 
technologically feasible in naval air weapons design. It 
is their job to know, and to make known to the require- 
ments planners, just how far the technological envelope 
will permit us to go in air weapons design. Their work 
is compartmentalized, of course, with experts in each 
of dozens of technical areas such as power plants, 
structures, avionics, and so on. These are the people 
who will agree or disagree with the technological feasi- 
bility of establishing a new requirement concept or will 
decide whether the contractors’ claims relative to the 
state-of-the-art are reasonable. They draw us a road 
map, if you will, showing where technology will allow us 
to go, and from that we decide where we will go. 

Military intelligence has always been an element in 
the drafting of an operational requirement. It is 
gratifying to see, at the present time, a quite vigorous 
application of foreign intelligence estimates and sum- 
maries. Operational analysis as performed both in 
CNO and in BuAer contains the strong factor of what 
is known about Soviet capabilities and intent, the loca- 
tion and concentration of military materials, and the 
expected defenses to any sort of penetration. The 
need for these considerations is obvious. If we have 
knowledge of the type of defenses surrounding the ob- 
jective of a stated naval air mission, then it would be 
foolish indeed not to feed that information into our 
plans for building a weapon to perform the mission. 

The final major element that influences the stating of 
the operational requirement is the fiscal consideration. 
It would be nice for the technical and military planners if 
money and the administrative decisions involving 
money were not a factor. It would be nice indeed if 
the R&D and the procurement administrators had blank 
checks. But they do not. It is apparent then, that 
some new ideas and applications would cost more than 
the Navy can afford. Others may have a reasonable 
price tag but are of such magnitude that funding for 
existing requirements and weapons systems may have 
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to be adjusted. It is imperative that the requirements 
planners and writers keep the fiscal and overall admin- 
istrative policy makers briefed. This they do on a 
continuing basis up through the Secretary of the Navy 
and Secretary of Defense levels and at the earliest possi- 
ble time when new systems are emerging. If the 
administrative and fiscal executives are not cut in on a 
new system or requirement until the last minute, ade- 
quate attention to the merits of the weapon requirement 
and consent for prosecution may not be secured. The 
result is insufficient fiscal support and subsequent de- 
lays which lead to the old story of “‘too little, too late.”’ 

I have mentioned some of the stronger elements that 
come together to form the operational requirement: the 
ideas of the fleet, the aircraft industry, the staff of the 
Chief of Naval Operations, technology and the aero- 
nautical sciences, intelligence, and John Doliar. 

Well, which comes first, the chicken or the egg? 
Which element takes the lead? Which is the most im- 
portant? And where does actual initiation of a new 
development begin? 

I will be among the first to call for patience in trying 
to provide answers to these questions. I will also be 
among the first to say that sometimes it tries the 
patience. 

In the live situation, the basic idea which stimulates 
action to the point of writing a new requirement may 
emanate from any of the elements. From there on it is 
a matter of getting the comments and ideas of authorita- 
tive sources in the other elements. If interest is suffi- 
cient, the project gathers momentum through talks, 
conferences, presentations, and correspondence. When 
a reasonably clear meeting of minds has occurred, then 
the requirements writers will put the project on paper 
in the requirements language. 


The most frequent sources for new requirements are 
the aircraft industry and the technological family. 

When industry has an entirely new idea, or when it 
has a scheme for better accomplishment of an existing 
mission, representatives of the parent company will 
make presentations to the armed forces. They will 
show as much or as little detail as is necessary to explain 
their system. They will take the presentation to many 
offices and staff echelons within the interested agency. 
They will try to reach as many people as possible who 
have anything to do with the approval or the writing of 
the requirement. It is not unusual for a company to 
make eight or ten presentations to different groups 
within the Navy. And the company does not neces- 
sarily know with whom or where the spark will be 
ignited that will start initiation of the requirement and 
will lead to developmental and procurement action. 
This fact, I think, illustrates the team play among the 
elements which shape the requirement. 

We in the Navy think this is a healthy situation. It 
means that a proposed new air weapon system literally 
has to sell itself on its own merits. The new proposal 
has to be attractive enough to some one of the Navy 
experts, such as an operational planner, or a scientist, 


or engineer, so that he, in turn, begins to convince others 
through talks and correspondence. 

A hypothetical example of a requirement originating 
among the technologies, or from BuAer, might be where 
the state-of-the-art of seaplane design shows a proved 
promise of high performance. To get a little wild in 
my example here, let us say that wind tunnel, tow 
tank, and engine data show that a Mach 3 attack 
seaplane is possible. Let us say that BuAer sponsors 
this project. Again, through presentations, talks, 
and correspondence with authoritative people among 
the other elements, the project may gather momentum 
to the point where it is ““bought’’ as an operational re- 
quirement. 

The air rescue helicopter is a good illustration of where 
the fleet lays down the requirement. Carrier and task 
force operations require flights from decks around the 
clock and occasionally result in a ditched aircraft. To 
save the precious pilot and crew, the rescue means must 
be immediately available and fully competent to carry 
out the mission over the open sea in all conditions of 
weather and visibility. The requirement, in this in- 
stance, has to be thought of in terins of the physical de- 
tails of the mission, and these details are known best 
by the men of the fleet. 


Regardless of the point of origin, the final writing of 
the requirement must be tempered with the experience 
and the detailed knowledge of all the other elements in- 
volved. We cannot build a system even though it may 
be the most desirable if we do not have the money to 
pay for it. We should not plan systems which industry 
says we may have in the year 1962 if intelligence indi- 
cates that that system in that year will be hopelessly 
out-classed by the enemy. It would be nice to have a 
guided-missile base on the moon, but technology must 
be listened to when it says ‘“‘not yet.”’ 

Under the Deputy Chief of Naval Operations (Air), 
the Air Warfare Division (OP-55) is responsible for 
writing the operational requirement and the develop- 
ment characteristics for manned aircraft weapon sys- 
tems. About 18 of the 35 officers assigned to this 
division write and review the operational requirements 
for naval aircraft weapon systems. They are divided 
into groups according to mission areas such as attack 
systems, antisubmarine warfare systems, air-borne early 
warning systems, and so on. As we mentioned before, 
these officers are rotated from operating commands, 
and they are knowledgeable from the standpoint of 
fleet experience within their mission areas. The tables 
of organization and functional statements for these 
groups require that they: 

(1) Maintain liaison with the Strategic Plans Divi- 
sion of CNO and the Division of Naval Intelligence. 

(2) Formulate, in accordance with approved ob- 
jectives and intelligence, the long-range and the short- 
range measures necessary for the coordinated develop- 
ment of the most effective aircraft and equipment. 

(8) Maintain liaison and coordinate for naval 
aviation the technical and tactical development of 
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such offensive and defensive measures as may be re- 
quired by developments in all types of air warfare. 

(4) Keep informed of the qualitative readiness of 
naval air combat units. 

These are the people who will take the results of all 
the interplay among the elements influencing the re- 
quirement and, upon a joint decision by CNO and 
BuAer, write the descriptive matter into the re- 
quirement which will call out the weapon system. 
They communicate in detail with any and all who are 
interested in the specific type of weapon. 

The main avenue of traffic for the requirement writers 
runs between them and the BuAer which has the end 
responsibility for meeting the requirement in terms of 
procuring the hardware. As we implied earlier, a new 
requirement may begin at either end of the street. 
Let us suppose that an aircraft manufacturer comes to 
BuAer with a new concept for a high-altitude fighter. 
He makes a presentation to the Bureau Research and 
Analysis Officer whose staff have duties in aerodynamics 
research, structures, performance analysis, and evalua- 
tion. If the response is favorable, the contractor may 
be asked to give his presentation to the Assistant Chief 
of the Bureau for Research and Development. He 
may be asked to give it again to component divisions 
of BuAer such as Power Plants and Avionics. By this 
time the project is being talked about and written 
about, and a presentation is arranged for CNO or the 
requirements writers. Intelligence and budget factors 
are fed in. 

There then begins a period of analysis and discussion 
about the new proposal that perhaps gets to be a time 
problem in the same way lead time in production is a 
time problem. This period of analysis and discussion 
may last 6 months, or it may last as long as 4 years. 
It depends upon how long it takes for the need for the 
new weapon to define itself and to crystallize. 

We are trying to cut down on this time in several 
ways. One is by paying more attention to the policing 
of plans and programs. This involves my job as 
Assistant Chief of the Bureau of Aeronautics for Plans 
and Programs. My staff will monitor the traffic be- 
tween the technical experts in the Bureau and the 
requirements planners in CNO. Inventories of new 
proposals will be set up, together with reasonable time 
schedules and progress feedbacks. Under the recently 
introduced concept of program managers in BuAer, 
my group is responsible for: assisting CNO in evolving 
operational requirements, disseminating operational 
requirements to cognizant BuAer divisions, monitoring 
performance on active operational requirements, and 
reviewing existing operational requirements todetermine 
if modification or deletion is indicated. 

Another timesaver is the BuAer Long Range Research 
and Development Plan. This plan shows in general 
what the anticipated weapon systems will look like 
for the next 10 years. It is based on the best estimates 
that can be made about what will be technologically 
feasible in the future, or what extrapolated states of 
arts will allow. The plan in many instances should cut 
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down the time given to discussion and analysis simply 
because the analysis may have already been done. 

To get back to the contractor and his proposal for a 
new fighter plane, let us say that a year has lapsed in the 
analysis and discussion phase. All elements are agreed, 
and the need is established. The requirement is drafted 
and circulated to all interested people. Final com- 
ments are then used to modify the requirement, and it 
is issued officially. The official approval is made by 
the Research and Development Review Board which 
is composed principally of interested Deputy Chiefs of 
Naval Operations, and the Chief of Naval Research. 
At the present time, there are some 74 active operational 
requirements for naval air weapon systems. 

I do not consider a discussion of the operational 
requirements of the Navy complete without some 
mention of the problems involved. It is easy to show 
what happens and where and give the impression 
that things tick along with no strain. We mentioned 
the time factor in the period where the proposal for a 
new air weapon is discussed and analyzed before it is 
formed into a written requirement. There are other 
problems and shortcomings. 

One of the things that urgently needs more considera- 
tion in the beginning, or in the requirements writing 
stages, is the maintainability of the weapon system. 
This, of course, is tied into the need for simplicity of 
systems. Today’s high-performance airplanes almost 
need a test pilot or quasi-scientist to operate them 
efficiently and to save them once the pilot gets into 
trouble. This complexity of the machine also presents 
maintenance difficulties for the men of the fleet who 
have to keep them “up.” Some advances have been 
made, but it is my feeling that much more can be done 
toward ease of maintenance and repair if detailed 
thought is directed to that area at the time the require- 
ment and the development characteristic are called 
out. The same goes for logistics and spare parts pro- 
visioning and for component equipment reliability. 

We need new ideas. We all realize that many tech- 
nical problems remain to be solved in high-speed 
flight, in engine design, in underwater sound, and in 
many other areas of special interest to naval aviation. 
The technological breakthrough is “‘money in the bank,”’ 
and our requirements system should stimulate both in- 
dustry and service personnel to perhaps more original 
thinking than it does at the present time. 

This, I realize, has been somewhat a tour de force 
around the Navy operational requirement. In closing, 
I should like to leave these thoughts about the require- 
ment with you. 

The Navy operational requirement once it is ap- 
proved, published, and disseminated amounts to a 
charter authorizing the material bureau (BuAer) to 
proceed with contractual development leading to the 
quantity procurement of the weapon system. 

The requirement is the key to industrial participa- 
tion in the naval aviation program. The manufacturer 
can both generate requirements and participate in the 
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accomplishments of its first flight tests. 


The SeaMaster is discussed in terms of its design problems and the 
Also included is a report on 


the accidents as well as a summary of what was learned from them. 


The SEAMASTER 


Its Development and Some Considerations From the Accidents 


J. L. Decker 
The Martin Company 


Mae: THAN THE USUAL AMOUNT of interest which 
accompanies a new aircraft has been evidenced in the 
Martin XP6M-1 SeaMaster. As the world’s first 
multijet seaplane, it represents the keystone of a new 
operational concept of naval warfare. Both prototype 
aircraft have been lost in flight test, and because of the 
importance of the airplane in the defense picture, a re- 
view of the aircraft and the accidents is considered to be 
timely. Security restrictions, of course, will prevent 
discussion of certain aspects of the aircraft and its de- 
sign. 

The advent of the jet engine has been the key to the 
development of the high-speed seaplane, even more than 
is the case with landplanes. Since it is essential to 
keep propellers out of heavy spray, propeller-driven 
seaplanes were saddled with very large frontal areas to 
maintain the required spray clearance. This resulted, 
inevitably, in a high drag configuration. A glance at 
the XP6M-1 (Fig. 1) indicates that a low, compact pro- 
file may be obtained with a jet seaplane, with good drag 
characteristics as a consequence. Futhermore, the 
wing cathedral employed for improved dynamic lateral 
stability enables the wing floats to be mounted at the 
wing tips without recourse to high drag float struts. 

Recent hydrodynamic developments such as_ the 
long afterbody hull, low chine bow, and greatly reduced 
step depth have all combined to permit the design of a 
hull which has a drag coefficient quite competitive with 
the best fuselage forms. The seaplane, therefore, can 
be developed to performance levels comparable in every 
respect with the landplane. 

The XP6M-1 was designed to an operational require- 
ment issued by the Bureau of Aeronautics in April, 
1951, and the design work was initiated under contract 
in October, 1952. 


The author is Chief Aerodynamics Development Engineer. 


The Navy’s XP6M-1 Martin SeaMaster, world's first 
multijet seaplane. 


THE DESIGN PROBLEM 


The two prototype XP6M-1 aircraft were powered by 
four Allison J-71 engines with take-off afterburners. 
The next six YP6M-1 “evaluation” aircraft, the first of 
which is due to fly within a few months, will be powered 
by the same engines. Production SeaMasters, how- 
ever, will be powered by four Pratt & Whitney J-75 tur- 
bojet engines. The plane has a take-off gross weight in 
excess of 160,000 Ibs. and is designed to carry a 30,000- 
Ib. pay load at high subsonic speeds at low altitude. 
Its speed is over 600 m.p.h. and the mission radius over 
1,500 miles. The design implications of the required 
mission are far reaching and unique to a large aircraft. 
The required values of flight dynamic pressure are sev- 
eral times the design values for other contemporary 
heavy aircraft. The consequences of the high dynamic 
pressure values are that the aeroelastic properties of the 
aircraft are of first-order importance. 

For example, the loss in longitudinal stability due to 
aeroelastic deformations of the wing, hull, and tail at the 
sea-level design speed approximates the entire normal 
center-of-gravity travel of this type of aircraft. Control 
surfaces, such as conventional elevators and ailerons, 
may become almost totally ineffective at these speeds. 


Consequently, an all-movable horizontal tail and spoiler 
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ailerons have been employed for longitudinal and lateral 
control. 

A better appreciation of the aeroelastic problem of 
the XP6M-1 may be achieved by considering that the 
design dynamic pressure on this aircraft approximates 
that of current jet fighter aircraft, although the design 
load factor is about half that for a fighter design. Con- 
sequently, the strength which must be built into the 
aircraft is relatively less than is the case for fighter de- 
signs. Asa corollary effect, the rigidity of the XP6M- 
1, or any aircraft with a moderate load factor require- 
ment, is relatively less than the rigidity of fighter air- 
craft. 

The requirements of store dropping at high dynamic 
pressure are also a real challenge to the aircraft de- 
signer. The SeaMaster employs the Martin-developed 
rotary bomb door in the hull bottom. It is evident that 
the incorporation of a movable door in the hull bottom 
poses a formidable sealing problem, which, happily, has 
been successfully solved. 

The performance of the XP6M-1 proved to be such 
that a first-line jet-fighter aircraft is required to provide 
adequate chase plane coverage for flight testing. Fun- 
damental design characteristics such as wing sweep- 
back, thickness ratio, and camber were determined from 
consideration of the problems associated with transonic 
flight (trim and stability changes due to compressibil- 
ity, wing drop, buffeting, etc.). Because of the large 
aircraft size, the dynamic pressure, and the Mach ef- 
fects on hinge moments, all control surfaces are power 
operated. 


SOME DESIGN CONSIDERATIONS 


The SeaMaster incorporates the T-tail arrangement 
which has almost become a Martin trademark since it 
was first introduced on the experimental USAF XB-51 
jet bomber. The T-tail is not a panacea for all em- 
pennage design problems, but it does have some attrac- 
tive features, as well as some which are not attractive. 
It very effectively raises the horizontal tail above the 
heavy spray, and this is a significant attraction to the 
designer of a seaplane. Furthermore, it produces di- 
rectional stability very effectively, and horizontal tail 
dihedral may be used to advantage in this regard to 
utilize the favorable interference effect between the 
horizontal and vertical tails in sideslipping flight. 

However, some difficulties have been experienced with 
T-tail aircraft in maintaining adequate longitudinal 
stability near the stall. In the case of the XP6M-1, 
the design philosophy was based upon the use of stall 
control devices on the wing to obtain a stable model 
minus tail pitching moment near the stall. Through 
the use of wing leading-edge slats, this end was achieved 
essentially, although a slight unstable tendency pre- 
ceded the stable break at the stall. 

Wind-tunnel results showed the complete-model and 
model-minus-tail pitching moments at the stall to be 
very similar. The cambered and twisted wing also 
evidences very little tendency toward the development 
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of asymmetric rolling moments near the stall. In gen- 
eral, we expected acceptable stalling characteristics as a 
result of our tunnel tests. 

The wing optimization studies showed that a wing 
aspect ratio of 7.0 would be optimum from the stand- 
point of performance—that is, a minimum weight air- 
craft to meet the mission requirements would result 
with aspect ratio 7.0. However, we did not build the 
aircraft with this wing for two reasons: 


(1) The pitch-up problem at the stall with an aspect 
ratio this high would be extremely difficult to cure in a 
seaplane. 

(2) The aeroelastic effects upon longitudinal sta- 
bility would be excessively large. 


The aircraft was designed with a wing aspect ratio of 
5.25 in deference to the above problems, at a range pen- 
alty of only 3 per cent from the optimum. 

The hydrodynamic design of the XP6M-1 is featured 
by the hydroflap installation. These surfaces are lo- 
cated in the hull bottom near the stern post and, de- 
flected singly, serve as water rudders. Deflected in 
unison, they operate as water brakes. The use of the 
long afterbody hull makes it quite important to provide 
directional control at low speeds in the water since the 
hydrodynamic directional stability of the hull is quite 
high. Incidentally, the hydroflaps also double in brass 
as dive brakes. In this function, they cause very little 
trim change, which, of course, is a very desirable char- 
acteristic. 


FLIGHT-TEST ACCOMPLISHMENTS 


In this article, it is not possible to present the results 
of the flight-test work in anything like complete form 
because of security considerations. However, in over 
100 hours of test work, sufficient data have been ob- 
tained to establish the aircraft as possessing exception- 
ally fine flight characteristics. For example: The 
Mach range has been rather completely explored with 
an absence of critical compressibility problems. The 
XP6M-1 pilots report that little pitching or rolling 
tendencies have been evidenced in the aircraft’s stall 
maneuvers, although unstable pitching moments at the 
stall are present in many current high-speed aircraft. 
And while the aircraft has been flown extensively to 
explore high-speed “tuck under’’ conditions, only mild 
tuck forces have been experienced in the longitudinal 
control. 

The spoiler control on the XP6M-1 has proved partic- 
ularly effective with the flaps down. This effective- 
ness actually had to be reduced in order to prevent an 
oversensitive control for take-off and landing opera- 
tions. It was accomplished by lagging the motion of 
one of the two spoiler segments for small wheel motions 
from the neutral position. 

Although a yaw damper is planned for the P6M pro- 
duction airplane, all flights thus far have been made 
without the damper, and the “dutch roll’ damping 
has been adequate for the flight conditions investigated. 
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Fic. 2. Graphic display of XP6M-1 hinge moment charac- 
teristics. 


The damper ‘is deemed essential, however, for extended 
cruise operation at high altitudes. 

A number of store drops have been made with the 
rotary door, and the store delivery system has func- 
tioned satisfactorily. The door opening sequence is not 
accompanied by undue aircraft roughness at high speed. 
Store separation has been positive and smooth with 
little tendency toward store gyrations. The high-speed 
drops have been recorded by cameras located in the 
wing tip floats. 

The primary flight problem associated with the X P- 
6M-1 aircraft was the presence of an aircraft vibration 
over some speed ranges. The manifestation of this in 
the first aircraft was quite mild and undue attention 
was not given to the problem. With the second air- 
craft, however, the vibration characteristic was some- 
what more aggravated, and a substantial amount of 
flight time was devoted toward the solution of this prob- 
lem. As those engaged in the industry well know, 
the isolation and cure of inflight vibrations is a 
painstaking cut-and-try process. On nearly every 
flight of Ship 2, some aircraft modification or tufting 
was done in an attempt to effect a solution to the vibra- 
tion problem. The modification made on the last flight 
only—namely, the locking of the geared elevators in a 
fixed neutral position—-substantially reduced the in- 
flight vibration. 


THE ACCIDENTS 


The first test ship, which made its initial flight in 
July, 1955, crashed in December, 1955. The four-man 
crew was lost and since the ship went down in the mouth 
of the Potomac River, reconstruction of the accident 
sequence and determination of the accident cause was 
an extremely difficult process. Through the painstak- 
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ing efforts of U.S. Navy salvage teams, approximately 
85 per cent of the aircraft was recovered from water 
depths ranging from 50-70 ft. and made available for 
analysis. It was established conclusively that the wings 
failed in negative bending. There were no indications 
of anything but a pure pitching maneuver prior to air- 
craft failure. The accident was attributed entirely to 
a controls system malfunction, among which were the 
following possible initiating causes: a minor explosion 
in the center wing stub which may have damaged con- 
trol cables, hydraulic lines, or electrical circuits; a 
broken or snagged control cable; Icss of pilot feel-force 
in the longitudinal control system; elimination of hy- 
draulic power from the stabilizer actuator; pilot error in 
handling the controls. 

Ship 2, which first flew in May, 1956, was lost on its 
twenty-fourth flight in November, 1956, near Odessa, 
Delaware. All four crew members escaped safely by 
the use of their ejection seats. Complete telemetered 
data and chase plane coverage were obtained and it was 
possible to establish clearly both the accident sequence 
and its cause. 

As mentioned earlier, the longitudinal control system 
had been specially modified on the last flight to investi- 
gate the vibration problem. The elevator, which is 
normally geared to lead the stabilizer motion for im- 
proved low-speed control effectiveness, was locked to the 
stabilizer in a fixed neutral position. But with this 
modification, the stabilizer hinge moments (see Fig. 2) 
for the tail surfaces became unexpectedly large at the 
high test speeds, and the stabilizer actuator was over- 
powered. The leading edge of the stabilizer was driven 
down by the overpowering moments, producing a nose- 
up aircraft pitching moment. As the aircraft responded 
to the stabilizer motion, increased stabilizer leading- 
edge down-hinge moments were developed which re- 
sulted in further increases in aircraft angle of attack. 
The normal load factor increased to 9.5g’s before the 
ship slowed down sufficiently to permit the stabilizer 
actuator to govern the stabilizer position again, and the 
stabilizer returned to its trim position. Angles of at- 
tack in excess of 60° were achieved in the maneuver and 
the hull drag force was responsible for approximately 
| 3 of the normal acceleration. In this violent maneu- 
ver, the aircraft remained essentially intact. Only such 
items as the wing slats, outboard spoilers, and hatches 
left the ship at this time. The overpowering maneuver 
occurred near 22,000 ft. altitude, and the aircraft ulti- 
mately broke up after falling to near the 6,000-ft. level. 

Within the limits imposed by security restrictions, I 
would like to discuss some of the detailed technical con- 
siderations involved in the overpowering sequence. 

In the design of the hydraulic system, the hinge mo- 
ment output of the system was designed to be compati- 
ble with the stabilizer hinge moments produced by the 
all movable stabilizer-geared elevator combination, 
which is the standard XP6M-1 longitudinal control ar- 
rangement. Therefore, the compression hinge moment 
capacity of the cylinder is only a fraction of the tension 
capacity. When the elevator was locked in neutral, the 
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hinge moment required to trim the aircraft in level 
flight shifted substantially toward compression load as 
shown in Fig. 2. At a Mach Number approximating 
the high speed of the aircraft, there is another substan- 
tial shift in the stabilizer hinge moments in the compres- 
sion direction. Ata given speed and altitude, the level 
flight trim hinge moment will reach the capacity of the 
hydraulic system, although this flight condition, that of 
the accident, had previously been exceeded with the 
geared elevator configuration. 

Once the capacity of the hydraulic system has been 
reached, the empennage behaves essentially as a free- 
floating surface in response to hinge moments which are 
in an increasing compression direction. Once this incip- 
ient cylinder stall has been attained, another very 
significant situation exists. When the stabilizer hinge 
line is ahead of the horizontal tail aerodynamic center— 
ie., When the tail will trail with the wind in a stable 
sense-—the horizontal tail ceases to supply an increment 
in aircraft longitudinal stability with increasing angle of 
attack. This is true since the tail will float at constant 
lift, under the condition of constant aircraft speed 
which is appropriate to short period maneuvers. 
Therefore, the aircraft is flying, to all intents and pur- 
poses, with the model minus tail longitudinal stability. 
In the last flight of Ship 2, the center of gravity was 
located near the aft limit and the aircraft became quite 
unstable in pitch, once the actuator was stalled. This, 
then, was the source of the rapid divergence to 9.5g load 
factor. 

I would like to point out that the accident sequence 
was closely duplicated in our analog computer in our 
postaccident investigation. 

xood design practice for other reasons dictates that 
the stabilizer center of pressure of the load due to 
changes in angle of attack should be aft of the hinge line 
as was the case with our X P6M-1 design. 


LESSONS FROM THE CRASHES 


The loss of an aircraft, particularly an experimental 
ship, generates extensive study to ferret the cause and to 
take steps to prevent recurrence of the accident. It is 
essential that important lessons be learned from acci- 
dents and their subsequent investigations because an 
exceedingly high price has been paid. Just as the loss 
of another test aircraft in recent years emphasized the 
need for the industry to make certain dynamic stability 
analyses which are now routine, so there are principles 
to be learned from the XP6M-1 accidents. Only a few 
main points which are believed to be of general inter- 
est, however, will be considered in this paper. 

Since the longitudinal control system was involved in 
the considerations following both accidents, it is fitting 
to describe it so the succeeding discussions may be bet- 
ter appreciated. Reference should be made to Fig. 3. 

As indicated previously, the all-movable horizontal 
tail is power-operated. The control cables, pumps, 
valves, hydraulic lines and cylinders are duplicated to 
provide the required reliability. Since no hinge moment 


feedback exists, the pilot feel must be supplied syntheti- 
cally. This is done by twisting a torque spring as a 
function of stick and stabilizer motion. The rate of the 
spring is varied with dynamic pressure and the anchor 
point of the spring is moved by an electric screw jack to 
provide trim. A small bobweight is included in the 
system to provide a stick force per g increment in all 
flight conditions. 

Although the initiating cause of the first accident was 
never specifically established, an important technical 
lesson was learned in the postaccident investigation. 
In the design of the XP6M-1, a mock-up of the com- 
plete control system—wmechanical, electrical, and 
hydraulic components—was employed in conjunction 
with an analog computer to simulate the airplane aero- 
dynamics for studies of the overall system. <A “‘pilot’’ 
could ‘‘fly”’ the mock-up from its cockpit by attempting 
to keep its nose on the horizon of a visual display. The 
mock-up was both an indispensable design tool and in- 
valuable tool in the accident investigations. 

Among the investigations conducted on this mock-up 
were the effects of feel system failure. With the pilot 
“flying” the mock-up, simulated feel system failures 
were made at the flight condition of the accident. In 
every case during these simulator tests, when either (1) 
a simulated gust was applied, or (2) the pilot initiated a 
maneuver (after feel system failure), an uncontrollable 
oscillatory divergence in pitch resulted. This diver- 
gence was aggravated by the pilot since the human be- 
ing is an imperfect servo and has excessive phase lags 
due to his reaction time. The problem becomes partic- 
ularly acute at high speeds, where the short-period air- 
craft pitching frequency becomes high. The control 
motions at high speed are very small and become rela- 
tively useless as a cue for the pilot to help him fly the 
aircraft. The pilot flies almost exclusively by force 
feel at the higher speeds. When these force cues are 
removed as by feel system failure, he is unable to fly the 
aircraft. 

The results of this phase of the XP6M-1 accident in- 
vestigation indicate, therefore, that the feel system 
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Fic. 8. Schematic diagram of the XP6M-1 longitudinal control 
system. 
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cases. This reduction in missile reliability with time 
| PROVEN is, of course, partially attributable to the less favorable 
INFORMATION c veal operational environment of service usage. But the 
prime factor, however, is the lack of information feed- 
ae ~ ee. back relative to the flight from either test instrumenta- 
tion or pilot comments. There is no pilot to correct in 
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should be considered essential to the safety of flight and 
must be designed under the same failure philosophy as 
the power control system. It should also be mentioned 
here for completeness that the bobweight was effec- 
tively located at the pilot’s column, where its adverse 
effect on the dynamic stability of the aircraft with a 
failed feel system would be minimized. 

The major lesson to be learned from the Ship 2 acci- 
dent is largely philosophical. In the cases where man- 
ual controls or proportional boost controls are employed, 
there is a direct feedback in surface hinge moments to 
the pilot. If the hinge moments are not what they 
should be, the pilot wastes no time telling the engineers 
about it so that corrective measures can be taken. The 
aircraft design is then based upon two sources of in- 
formation, the general technical information available 
to the engineers prior to flight and “feedback loop”’ 
information from the pilot in the postflight conference. 
This is shown diagrammatically in Fig. 4. 

With a power control system, however, the feedback 
loop from the pilot relative to surface hinge moments 
just is not there. He has no indication as to the hinge 
moment behavior, and if the feel system is well designed 
he is satisfied with the aircraft in this area. Critical 
conditions may build up without his knowledge. 
Therefore, extreme vigilance must be exercised by the 
engineers to ensure careful monitoring of the hinge 
moment picture to compensate for the removal of a 
traditional source of intelligence. Accurate instru- 
mentation of the stabilizer hinge moments during 
flight test provides this required information in lieu of 
pilot information feedback. 

The reliability of an aircraft has always improved 
with the passage of time because of the feedback of pilot 
opinion. As “gripes’’ appeared, corrective measures 
were taken. With missiles, the reliability history is some- 
times reversed. As the highly trained manufacturer's 
test crews, who usually had participated in the design 
of the missile, were replaced by service operational 
crews, missile reliability has become worse in many 
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flight the single malfunction which could spell an 
unsuccessful mission, and then report the failure in 
order that future corrective action may be taken. 
This is another illustration of the importance of the pilot 
feedback information during the evaluation phase of 
the aircraft. Once the aircraft has demonstrated its 
flight envelope, however, the need for the feedback 
ceases to exist since the aircraft by then is a proven 
vehicle. 


CONCLUSION 


In an assessment of the SeaMaster program to date, 
the loss of both prototypes naturally stands out and 
tends to obscure the fact that over 100 hours of flight 
tests have indicated a successful solution to most, if not 
all, of the usual problems of high-speed flight. The one 
problem area of in-flight vibration, which was present 
on both prototypes to varying degrees, appears to have 
been cured by locking the geared elevators in a fixed 
position on the last flight of Ship 2. To provide for 
this aerodynamic improvement while at the same time 
providing corrective measures to prevent the possibility 
of overpowering the hydraulic system on future P6M 
aircraft, the tail assembly for the upcoming P6M 
models has been redesigned. The exterior configuration 
of the new tail, however, will largely resemble the con- 
figuration of the two XP6M-1 aircraft. 

The postaccident investigations have also pointed 
out the essential safety-of-flight nature of the longi- 
tudinal feel system on power controlled aircraft. In 
addition, the great importance of telemetered flight-test 
information has been underscored, since it was tele- 
metered information that made possible the rapid isola- 
tion of the cause of the second accident—namely, an 
overpowering of the stabilizer actuator by the stabilizer 
hinge moments under locked elevator conditions. 

Finally, careful monitoring of the hinge moments 
during flight testing must be considered essential since 
no pilot feedback information is available with full 
power systems, a situation which is contrary to that of 
manually controlled aircraft. 


NATIONAL NAVAL AVIATION MEETING PROCEEDINGS 


The Proceedings of the Naval meeting (held in San Diego, Calif., August 5-10, 1957) will contain all 
unclassified papers presented at the meeting and will be available in November. 
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LeRoy H. Clem 
Air Weather Service, MATS, USAF 


Clear-Air Turbulence Over the United States 


turbulence of such intensity as to 
alter the smooth flight of aircraft has long been a 
familiar phenomenon to pilots flying at levels below 
25,000 ft. Our present state of knowledge of this 
phenomenon does not permit us, however, to forecast 
its occurrence accurately. Fortunately, the vertical 
motion associated with turbulent airflow at these 
levels usually produces distinctive cloud formations 
which experienced pilots have learned to recognize. 
Pilots react to such cloud-warning signals as cumuli- 
form and mountain-wave clouds by changing course to 
avoid them or by reducing flying speed so as to lessen 
the shock of the turbulence when the aircraft penetrates 
the cloud. This natural cloud-warning system, which 
has served us so well in lieu of a reliable forecasting 
technique, owes its success primarily to the fact that 
there is usually enough moisture present in these 
lower levels to allow the characteristic cloud systems to 
form. 

With the coming of jet aircraft, it was expected that 
we would now be able to fly over most of the ‘‘weather.” 
Unfortunately, this did not prove to be the case, for 
turbulence of sufficient intensity to affect aircraft is 
found to be common above 25,000 ft. At these high 
levels, however, the smaller scale of vertical motions 
and low moisture content do not favor the formation of 
cumuliform clouds. As a result, at the optimum 
altitudes for jet-aircraft operations, the turbulence 
frequently occurs ‘‘out of the blue,’ without benefit of a 
convenient warning by cumuliform clouds. Since the 
shock administered to an aircraft by a given degree of 
turbulence varies directly with the speed of the air- 
craft,it is obvious that this insidious clear-air turbulence 
is, and will continue to be, of primary concern to jet- 
flight planning. (Clear-air turbulence also occurs, of 
course, below 25,000 ft.; with respect to cloud turbu- 
lence, however, it is much more frequent in the upper 
levels.) 


Mr. Clem is Chief, Applied Research and Development 
Branch, Directerate of Scientific Services. 


In Project Cloud Trail, turbulence observations were collected 
and analyzed. The findings suggest that clear-air turbulence 
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can be avoided to some extent. 


PREVIOUS RESEARCH ON CLEAR-AIR TURBULENCE 


Past studies on high-level clear-air turbulence 
present a confusing picture. British investigators made 
one of the earliest extensive studies of this problem. 
They found that heavy clear-air turbulence does exist 
at the higher levels but did not uncover any solutions 
to the problem of forecasting its occurrence. In this 
country some people felt, however, that the findings 
of the British were nonrepresentative and that their 
results were too pessimistic. Consequently, the prob- 
lem was quietly put aside, in some people’s minds, as 
being not particularly important. Soon, however, the 
‘jarring’ experiences of some of our own high-flying 
aircraft necessitated a re-examination of the problem. 
Various data-collection programs were initiated to 
fulfill design and operational requirements of jet 
aircraft. Several theoretical studies were prepared on 
the subject also. 

Unfortunately, most of the high-level data-collection 
programs were restricted in some respects for various 
reasons and provided very few observations of heavy or 
severe turbulence. For example, the three-day high- 
altitude gust program (a joint effort of governmental 
services in the United States and Canada), was un- 
fortunate in this respect because the desired synoptic 
situation did not develop during the alert period and the 
program had to be run under less desirable conditions. 
In addition, the plan called for turbulence observations 
at only two sampling levels (viz., 30,000 and 39,000 ft.), 
thus limiting the scope of the data. The results of 
this program did not show frequent indications of 
strong turbulence at the given levels. The U.S. Navy 
AROWA Project and the USAF Project Jet-Stream 
flights were hampered to some extent by navigational 
requirements which forced them in most cases to 
sample turbulence over the less-cloudy areas. In 
addition, the jet streams studied were usually restricted 
to southeastern United States, between 25°N and 
35°N. This was especially true in the case of the USAF 
Project Jet-Stream in which extensive investigations of 
jet-stream details in the vertical cross section were made 
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by flights involving several levels on the same track. 
Since such lower-latitude jet streams are usually 
weaker than ones farther to the north, over the north- 
eastern United States, they are less apt to be associated 
with strong turbulence. 

No attempt is made here to review the total work 
done on the high-level turbulence problem. The 
purpose of the discussion thus far has been to high- 
light the principal reason why another clear-air turbu- 
lence data-collection program was necessary—i.e., the 
need for a sampling of the three-dimensional distribu- 
tion of high-level turbulence over the entire United 
States. This need was satisfied to an acceptable 
degree by Project Cloud Trail. 


Project CLoup TRAIL 


Project Cloud Trail was established within the USAF 
Air Defense Command in conjunction with the Air 
Weather Service to collect high-level weather informa- 
tion from jet aircraft. One purpose of the program was 
to accumulate sufficient data to serve as a basis for 
developing methods of forecasting turbulence at the 
levels of jet-aircraft operation. To obtain these data, 
the observational phase of the project ran for a one- 
year period from December, 1954 to December, 1955. 
During this period, pilots of fighter-interceptor aircraft 
collected high-level data in the vicinity of the upper- 
air sounding stations shown in Fig. 1. The pilots 
were careful to coordinate the time of each flight with 
the standard 1530Z upper-air sounding. They flew 
in a vectored climb from 25,000 ft. to maximum altitude 
of the aircraft, remaining, meanwhile, within a 30-mile 
radius of the rawinsonde station. During the climb, 
the pilot was requested to report whether or not 
turbulence was encountered, and if so, to subjectively 
evaluate its intensity. He was also requested to 
estimate the height of the base and top of each observed 
turbulence layer. 


Mountain-Wave Turbulence 


In the Project Cloud-Trail observations, no distinc- 
tion was made between the turbulence associated with 


the mountain-wave phenomena and that associated 
with other synoptic features, although the stations were 
chosen so as to avoid mountain effects as much as 
possible. The turbulence associated with the mountain- 
wave conditions often extends to very high levels and 
can become very severe. The turbulence distribution 
associated with the typical mountain-wave pattern has 
been described by Jenkins and Kuettner.' 


The Nature of High-Level Turbulence 


The vertical motion associated with high-level 
turbulence appears to be more restricted in depth than 
is the large-scale up-and-down drafts of lower-level 
convective action. The aircraft flying in turbulence at 
high levels reacts in a manner similar to a fast speed 
boat as it pounds over rough, choppy water. Even in 
light turbulence, this characteristic presents a fatigue 
problem for both aircraft and occupants. The general 
areas of turbulence appear to be made up of patches 
which are rather shallow (500 to 2,000 ft. thick), 
narrow in width (10 to 40 miles), and elongated in the 
direction of the wind (they are frequently several times 
longer than wide). The occurrence ratio of turbulent 
patches to smooth patches within a given generally 
turbulent area varies from the order of 1:1 to about 
1:10. In the vertical, the turbulence often occurs in 
multiple layers, which may have several thousand ft. 
of relatively smooth air separating them. 


Limitations of Project Cloud Trail 


For the purposes of turbulence investigation, the 
data obtained from Project Cloud Trail had definite 
limitations. In the first place, the pilot’s evaluation of 
the turbulence was purely subjective, and the aircraft 
were all relatively stiff-winged fighter-interceptors. 
(At least the samples were homogeneous in this respect.) 
Secondly, it was possible for an aircraft operating under 
these conditions to climb through a turbulent area 
without encountering any turbulence, by penetrating 
a locally smooth patch within the generally larger 
area of turbulence. (The existence of such situations 
argues that perhaps turbulence forecasts should be 
worded in “probability terms.’’) Finally, because 
turbulence observation was not the primary purpose of 
these flights, there were times when poor weather at 
the terminal led to cancellation of the mission. Thus, 
as in the AROWA ard USAF Jet-Stream Projects, 
the turbulence data obtained from Project Cloud 
Trail may well be biased (but to a lesser degree) toward 
better-weather situations. This bias could notably 
affect the indications on the frequency of intense 
turbulence, since poor weather at the surface (e.g., 
cyclogenesis) is frequently associated with the prox- 
imity of a jet-stream maximum-isotach center aloft. 
(One of the conclusions listed later in this report states 
that intense high-level turbulence is most often as- 
sociated with such jet-stream activity.) 
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TABLE 1 


High-Level Turbulence Reports 
(Project Cloud Trail—1955) 


Missions © of Missions 
Missions Reporting Reporting 
Completed Turbulence Turbulence 
Dec, 292 131 45% 
Jan. 325 113 35% 
Feb. 274 80 29% 
Mar. __ 309 73 24% 
Total 1,200 397 (Avg.) 33% 


Most Intense 


Turbulence Layer of 
— ——-Turbulence———. 
Lt. Mod. Sev. Single Multiple 
87 39 5 84 47 
58 45 10 7 40 
50 28 2 64 16 
38 30 55 
233 142 22 276 “121° 
(19%) (12%) (2%) (23%) (10%) 


Results of Project Cloud Trail 


Previous studies have indicated that the more 
intense turbulence is most likely to occur during the 
winter months. In view of this fact, the first statistical 
compilation of Project Cloud-Trail results was made 
for the first four (winter) months of operation of this 
project (see Table 1). These statistics indicate that, 
on an average for the stations sampled, turbulence was 
encountered above 25,000 ft. on about 1/3 of the 1,200 
missions flown from December, 1954, through March, 
1955. However, this proportion varied greatly, both 
with time and space. Of the missions that reported 
high-level turbulence, about 1/3 encountered more than 
one layer of turbulence; three layers were not unusual. 
The more intense turbulence usually was found by 
those missions reporting multiple layers of turbulence; 
in such cases the individual layers were usually thicker. 
However, the observations of light turbulence out- 
numbered those of the more intense variety by about 
ten to one.* 


Meteorological Aspects of Project Cloud-Trail Results 


In order to associate the observed areas of turbulence 
with measurable meteorological parameters, the reports 
of each mission flown in the winter months were 
studied with regard to the corresponding distribution 
of wind and temperature in the vertical and along 
the standard constant-pressure surfaces. This study 
yielded certain qualitative indications that are worthy 
of note. 

First, the occurrence of light turbulence, although 
more frequent than heavy turbulence, was not as 
clearly associated with specific synoptic features. 
Apparently, light turbulence can originate in various 
situations and can be propagated in space from the 
scene of its origin. Such propagation may be caused by 
turbulence ‘‘reflection’’ on interfaces such as the tropo- 
pause; the result is that the turbulence may be ob- 
served well after the stimulating force has disappeared. 
This condition also would be found, of course, in the 
final stages of strong turbulence which is dissipating. 
In view of these characteristics of light turbulence, no 
attempt was made to associate the synoptic features 


*In tabulating turbulence occurrences for Table 1, only one 
report of turbulence was counted for each mission, regardless of 
the number of turbulent layers observed. The most intense 
layer was chosen as definitive for such a report. 


and turbulence of light intensity, rather, it seemed de- 
sirable to consider the somewhat clearer asscciation 
between meteorological parameters and the more in- 
tense turbulence. 


In the cases where flights reported moderate or severe 
turbulence, the high-level (300-mb. and/or 200-mb.) 
charts usually indicated a strong jet stream either over 
or somewhat to the south of the home station. In 
addition, a center of high-speed winds (isotach max) 
moving along the jet stream was in the vicinity of the 
station. An example of such a synoptic situation is 
shown in Fig. 2a. There appears to be a greater proba- 
bility of occurrence of the intense turbulence below the 
jet isotach-max and on its north, or cyclonic, side. 
Given the general picture of this preferred synoptic 
situation, further details can be obtained from an 
examination of the upper-air soundings at various 
stations in the vicinity. As the maximum wind-speed 
center moves in, the increase in winds aloft can be noted 
on subsequent soundings. However, the possible in- 
accuracies of the current (as of January, 1957) upper- 
level wind soundings make it impossible to accept de- 
tails of the wind profile (such as these vertical shears) 
with any confidence. Where temperature soundings 
are also available, the forecaster can make use of the 
fact that turbulence frequently occurs in or just below 
significant inversions like the tropopause. 


From the Project Cloud-Trail example cited in the 
previous paragraph, vertical and horizontal cross 
sections have been constructed to illustrate the typical 
distribution of turbulence about a jet-stream max-iso- 
tach center (see Fig. 2b). The characteristic jet-core 
and tropopause configurations are also shown. 

A few of the cases of intense turbulence reported in 
the Project Cloud-Trail data did not occur in conjune- 
tion with the above-mentioned jet-stream situation. 
Among such exceptions were situations involving the 
passage of sharp trough-lines aloft and deep upper-level 
cold lows. 


Prior to the time that the potential shortcomings of 
the routine upper-wind profiles were realized, Project 
Rough Rider was initiated in an attempt to use details of 
the wind and temperature soundings in developing a 
forecast technique for high-level clear-air turbulence. 
While this project was in operation, indications again 
were found that there is a useful relationship between 
strong vertical wind shear, steep temperature lapse 
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rate, and the occurrence of high-level turbulence. Proj- 
ect Rough Rider was suspended, however, when infor- 
mation on the potential inaccuracies in the current rou- 
tine windprofile data became available. 

As a check on the association of pronounced tur- 
bulence with the three stated synoptic situations—i.e., 
proximity of jet stream, upper trough line, or upper 
cold low—the reports of all other missions flown in 
regions obviously not under the influence of these 
specific regimes were studied. Among these reports, 
there were few reports of strong turbulence except in 
those cases where orographic influence was a probable 
actor. It appears, then, that one fairly reliable way of 
eliminating the unexpected aspect of a pilot encounter- 
ing pronounced clear-air turbulence at high levels 
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Fic. 2b. Vertical and horizontal cross sections of the typical 
distribution of turbulence about the jet-stream Max-Isotach 
Center of 1500Z, January 24, 1955. 
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Fic. 2a. Distribution of observed turbulence in relation to the jet stream—1500Z, January 24, 1955. Dashed lines are isotachs (in 
knots) at 300 mb. Solid lines are the jet-stream axes. Number above the station circle is the altitude (thousands of ft.) of the most pro- 
nounced turbulence during climb of aircraft. Intensity of turbulence is indicated by appropriate symbols. 
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would be to forecast its probable occurrence whenever 
one or more of the synoptic features listed above move 
into the area of concern. 


Climatological Results of Project Cloud Trail 


The Project Cloud-Trail data have been assembled 
in a climatological form in the hope of shedding more 
light on the confused picture of the frequency of occur- 
rence of significant high-level turbulence. Since there 
is only one year of observational data available, it was 
necessary to group the observations from several sta- 
tions together under one of three regional headings. 
The stations (see Fig. 1) were grouped as follows: 
those in the northwestern United States (these stations 
were probably influenced by mountain effects more than 
the other two regions), those in southwestern United 
States, and those in northeastern United States. The 
data from GRD’s Project Jet Stream give informa- 
tion on high-level turbulence over the southeastern 
United States; the frequency and distribution of 
occurrence seem to be in general agreement with the 
findings of Project Cloud Trail, but the intensity of the 
turbulence was, on the average, lighter. The overall 
findings from Project Cloud Trail are shown in sum- 
marized (by seasons) form in Table 2. 

The seasonal variation in the northwestern United 
States is rather small (28°% in winter to 22% in the fall), 
while in the southwestern United States there is a 
variation from 33% occurrence in winter to 14°; in 
summer. A pronounced seasonal variation is indicated 
for the northeastern United States, also. For the 
United States as a whole, the annual average of the 
percentages of flights during which turbulence was ob- 
served somewhere between 20,000 and 45,000 ft. was 
24°. These results compare favorably with similar 
studies by the British? and Canadians.* 

The Project Cloud-Trail data for the three geograph- 
ical regions described above were further correlated 
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TABLE 2 
Percentage of Time 
Turbulence Reported Anywhere During Ascent Between 20,000 
and 45,000 Ft. 


Northwest US. Southwest U.S. 


Northeast I 1S. 


Winter 28% 33% 44% 
Spring 24% 19% 32%, 
Summer 23% 14% 28% 
Fall 22% 16% 27% 


U.S. Annual Average: 24% 


to determine the percentage of occurrence of turbulence 
at the various 1,000-ft. levels from 25,000 to 45,000 ft. 
for each season. These values form the basis for the 
graphs shown in Fig. 3. The mean monthly 300-mb. 
contours and positions of the mean jet-stream axes for 
the midseasonal months are shown (see Fig. 4) as an 
aid in understanding the association of the percentage- 
of-occurrence groupings with the jet stream. 


CONCLUSIONS 


The data obtained during Project Cloud Trail in- 
dicate that high-level turbulence may be associated with 
recognizable synoptic features, and have systematic 
geographical and seasonal variations. These findings 
suggest that the insidious aspect of clear-air tur- 
bulence—ie., occurrence without warning—-may be 
avoided to some extent by forecasting its probability 
of occurrence in association with certain synoptic 
situations. 
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Around the Requirement in Thirty Minutes (Continued from page 57) 


meeting of the requirements he does not generate. 
From what we can tell of future contractor relationships, 
it appears that the manufacturer's participation will 
become even greater. He will be given more informa- 
tion about the military requirement and the accompany- 
ing operational analysis. As a step in this direction, 
the Power Plants Division of BuAer has presented its 
long-range plan to key personnel from all major engine 
companies. Other BuAer divisions are working on 
similar presentations. This implies a greater sharing 
of ““BuAer secrets” and in proportion places a greater 
charge of responsibility upon the manufacturer. It is 
meant to encourage the manufacturer to embark upon 
basic research of his own to augment normal govern- 
ment and laboratory efforts to find the best solutions 
to problems in the many fields of technology connected 


with naval air weapons. Such an interchange of 
requirements information will demand of the Navy an 
orderly and conscious effort in good fa**h. From the 
contractor it will demand a single focal point for the 
authoritative exchange and evaluation of this sort of 
data. 

Lastly, I want to emphasize the fact that the language 
of the requirement shapes the quality of future naval 
aviation and, in turn, naval aviation’s contribution to 
national security. If the requirement is stated in terms 
that are half thought out, incomplete, or vague, a new 
proposal may suffer from halfhearted support and 
deadly delays no matter how good it is. 

In conclusion, I should like to say: an outfit (military 
or civilian) is as good as its planning—and our plans 
are best expressed in requirements. 
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“There is one segment of the aircraft industry’s operations which, of course, is not affected by 


military reprograming. 


This is the commercial business. . . 


. There is a growing market in business 


and private flying, and new aircraft, designed especially for these markets, are coming along rapidly.”* 


Business Aircraft 


for the Future 


Tw BUSINESS AIRCRAFT fleet in the United States 
is not destined only to swell in numbers through 
new discoveries of the convenience in corporate owner- 
ship of airplanes and increasing demands to telescope 
time. A look into the future by six United States 
aviation leaders at a recent IAS Panel Discussion in- 
dicates that speeds of from 300 to 500 knots may be 
expected. In addition, multiengine business aircraft 
will fly higher, be more efficient and safer, and have 
greater utilization. 

Panelists were Winfield Arata, Jr., Chief Operations 
Engineer, Fairchild Aircraft Division, Fairchild Engine 
and Airplane Corporation; John T. Calhoun, Design 
Engineer, Beech Aircraft Corporation; Ralph M. 
Harmon, Chief Engineer, Business Transport Aircraft, 
Cessna Aircraft Company; August Raspet, Head, 
Aerophysics Department, Mississippi State College; 
G. Edward Rice, NBAA Representative, Manager of 
Commercial JATO Sales, Aerojet-General Corporation ; 
and Major Gen. J. W. Sessums, Jr., Vice-Commander, 
ARDC, USAF. 

Discussing ‘‘Propjet and Turbojet Business Aircraft,”’ 
Mr. Arata pointed out that, while they are not yet in 
wide use, planning by manufacturers, users, and Gov- 
ernment agencies is going forward. His remarks ex- 
cluded all but multiengine, high-speed aircraft. 

Citing figures showing that 65 per cent of all civil 
aircraft are 10 or more years old, Mr. Arata outlined 
other studies made by Fairchild showing that there 
exists a market for a new business transport. A 
significant fact that came out of the 1955 Fairchild 
customer preference study was that one of the primary 
concerns of the business flyer is range. On this subject 
he observed: 

“Tt is understandable when some customers indicate 
that they would like to fly nonstop coast-to-coast. 


The author is Assistant Editor of the Review. 

* Quotation from Gen. Orval R. Cook, USAF (Ret.), Presi- 
dent, Aircraft Industries Association of America, Inc., before the 
Aeronautics Committee, National Security Commission, the 
American Legion, Sept. 14, 1957, Atlantic City, N.J. 

+ Symposium, IAS National Summer Meeting, June 17-20, 
1957, Los Angeles, Calif. Chairman, William P. Lear; Senior 
Coordinator, Ben Cagle. 
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Allan Bernhardt 


The F-27 propjet aircraft is undergoing certification in Asute- 
dam, Netherlands, as well as being in production at Fairchild in 
Hagerstown, Md. 


However, I am sure that all those people with this 
requirement realize that the airplane design is com- 
promised for such range. Even with a moderate range, 
gas-turbine-powered aircraft can move across the coun- 
try quickly; for instance, New York to Kansas City in 
2 hours and 20 min. and Kansas City to Los Angeles in 
2 hours and 50 min., even taking into consideration a 
15 m.p.h. headwind.” 

Mr. Arata said he believed that the timing in the de- 
sign and manufacture of aircraft has a great deal to do 
with its sales success, adding that Fairchild’s F-27 
propjet will be available to buyers in 1958 and that 
Fairchild’s M-185 will make its appearance about 2 


TREND IN CRUISING SPEEDS 
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The historical growth in cruising speeds and the interrelation between 
the speed of business transports and air-line transports. 
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| 300 irs 600 Hrs. | 900 Hrs. | 1200 firs 
| Per Yr | Per Yr.| Per Yr | Per Yr 
| | + 
|Fuel - 140 Gallons Per Hour @20¢ Per Gallon $ 24,89 $ 28. 40 3 24, 30 $ 25.40 
joul - .72 Qts. Per Hour @$2.33 Per Quart 1.6 1. 60 1.6 | 1.6 
|Pisot- $12,000 Per Year Salary and Expenses 30.09 20. 00 12. 33 10, 00 
|Vepreciation - $250, 000 Airplane Depreciation | | 
| To 20 Percent Residual Value in 5 Years | 100.99 66.6 44.44 | 33.33 
|Hangar Rent - $1000 Per Year Plus 50¢ Per Hour | | | 
| Away-from-Home Storage | 3.00 | 2.17 1.61 | 
|Maintenance - .733 man-hours Per Flight | | | 
ur @ 0 | 3.67 | 3.67 3.67 | 3.6 
Reserve For En Overhaul - 300 Hour | | | 
riod and $3500 Per Engine | 

Per Overhaul } 23.33 23.33 23.33 | 23.33 
|Insurance - | 10.52 7.01 4.67 3.51 

Total Estimated Direct and Indirect ee 

Operating Costs Per Flight Hour $296. 50 $160.63 | $129.03 $113.15 
ee Estin ated Operating Costs Per | 
| Airplane Mile Based On A Block | | 
Speed Of 360 MPH 57. 9¢ | 44.7¢ 35. 8¢ 31.4¢ 


Estimated hourly operating costs for the Morane-Saulnier MS760 
aircraft. 


years later. These two aircraft, he said, ‘‘result from 
normal product development of a 300 m.p.h., 40-pas- 
senger local service transport and a 550 m.p.h. 8- to 
9-place utility transport.’’ He reported that executive 
owners are purchasing both types. 

It is probable, Mr. Arata observed, that turbine- 
powered business transports will be in use for 10 to 15 
years, and, as a result, direct operating costs should be 
reduced accordingly. His figures showed that the 
optimum direct operating cost per seat-mile can ap- 
proach the cost per seat-mile that passengers will be 
paying on the forthcoming domestic air-line jet trans- 
ports. 

The expenses of business aircraft operation also 
occupied the attention of Mr. Calhoun, of Beech. 
“Equipment depreciation is the largest single item of 
expense in most business aitcraft operations,’ he 
declared. ‘Therefore, provision of passenger carrying 
capacities larger than the average load carried on most 
trips represents an expense that is hard to justify. 
Airplane-mile cost, rather than seat-mile cost, becomes 
the most important factor in equipment selection when- 
ever the load to be carried is less than the airplane 
capacity. 

Mr. Calhoun said that surveys made by Beech 
showed that on most trips only three passengers are 
carried in the Beech Model 1S and that many trips are 
600 miles or less in length. It was these two require- 
ments—reasonable range and capacity for about three 
passengers—that were combined in design of the 
Morane-Saulnier MS760 airplane, Mr. Calhoun re- 
ported. 

Most probably, a small jet aircraft such as the MS760 
can be offered to the business fleet user at about 
$250,000, Mr. Cahloun said, adding that the price is 
“little, if any, more than the price of the engines alone 
for some of the larger jet business transports under 
consideration. The total price and consequently the 
depreciation charge for the small airplane will be 
approximately one-half to one-fourth the comparable 
charges for some of the larger proposed jet business 
airplanes. As shown in the accompanying table, the 
depreciation charge at a utilization of 900 hours a year 
accounts for about a third of the total airplane operat- 
ing expense. In the case of larger jet aircraft, depre- 
ciation charges may well go above one-half of total 


operating expense. This is a serious penalty to be 
paid by the user who will need the increased capabili- 
ties only in rare instances.”’ 

Looking at some typical cases in which he said the 
increased speed of a small airplane can offer important 
advantages, Mr. Calhoun asserted that an _ ever- 
increasing percentage of business airplane trips are made 
to transport key trouble-shooting and technical per- 
sonnel to cover emergency situations. ‘‘In most cases,” 
he observed, ‘‘these people do not require the same level 
of comfort facilities demanded by top-level executives 
traveling in company airplanes. The seating arrange- 
ments and space offered by present-day small twins 
are adequate. 

“On the other hand, minimum delay in getting these 
people to the site of the trouble is of prime importance. 
For this type of operation, significant time savings can 
be realized through the speed differential offered by 
small jets over present-day small airplanes even on 
relatively short trips. The MS760 offers block speeds 
of over 360 m.p.h. with 45 min. reserve at sea level on 
trips of up to 750 miles.” 

Mr. Calhoun described the role of the MS760 in the 
business fleet as one to provide significant time savings 
at a cost of 40 to 50 cents per airplane-mile. He added: 

“Since depreciation costs of larger, longer range jet 
aircraft will be from two to four times those for the 
MS760, the airplane-mile costs for the larger jets will 
be much higher than for the MS760. Capacity for 
three passengers and 750 miles range with reserve covers 
a very large part of the load-range spectrum required 
by business airplane users.”’ 

On the subject “An Engineering Approach to Busi- 
ness Aircraft,’’ Mr. Harmon, of Cessna, warned that 
“business aircraft are used by businessmen with little 
or no interest in aviation. They are a means to an end 
and are looked upon as a business machine that will 
eventually lead them to a profitable business operation. 

“Any aircraft proposed for business use must be a 
good airplane. We are not speaking of an airplane 
that is an aerodynamic, structural, esthetic, super 
accomplishment in any singular aspect. We must be 


HOURS FLOWN (MILLIONS) 


0 
1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1960 1965 
CALENDER YEARS 


Business flying forecast to 1970. 
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BUSINESS AIRCRAFT 7| 


more fundamental in our definition. 4 good airplane is 
one that is profitable to all concerned. It is vitally impor- 
tant that this profit start with the manufacturer and 
continue through all phases of business aircraft, its 
manufacture and operation, because otherwise any 
nonprofitable portion of this aircraft’s life will soon 
be the weak link that lets the whole operation start 
decaying. Our objective is to get a good airplane in 
every category that we choose to enter.”’ 

On the Cessna Model 620, a four-engine, pressurized 
aircraft designed for corporate use—and to invade the 
medium, heavy twin, and four-engine market—Mr. 
Harmon said the following factors were considered in an 
engineering approach to the aircraft: 


‘The business aircraft industry is not subsidized. 
Development funds come only from profits. 
Safety and reliability are paramount. Customer is 
conservative. The unit and operating cost must be 
reasonable. Ability to service, support, and stand 
by product. Provide a service not presently offered. 
Is the financial gamble worth the effort? Is the 
aircraft appropriate for its intended job? What new 
engineering features can we use and stay within 
the above limitations? 


“These considerations and limitations,’ Mr. Harmon 
declared, “will not produce radically different or un- 
conventional aircraft for the business aircraft in- 
dustry. We have often been criticized for not using 
the latest military developments and other generally 
known features in business aircraft. Aircraft employ- 
ing unconventional features are supported by entirely 
different economic requirements, such as experienced 
in military aviation operation. The problems of 
pioneering advanced designs are accepted by the mili- 
tary customer, and the calculated risk involved is by 
his own specification. For many of them, business 
economic considerations are not a factor, since the only 
criterion is to provide maximum defense at any cost. 
At the engineering level, this fact is often difficult to 
understand during the design of business aircraft. 
Satisfying the business aircraft customer, that we are 
giving him the maximum that the state of the art 
permits, tests our intuitive know-how, also.”’ 

Taking up the “Contribution of New Concepts in 
Aerodynamics to Executive Aircraft,’ August Raspet 
said that ‘‘any aeronautical engineeer can easily visual- 
ize the utility that a business airplane would have if 
it possessed only a third of the drag coefficient, twice 
the maximum lift coefficient, and twice the static 
thrust of present-day business airplanes. ‘‘These,’’ he 
declared, “‘are the contributions offered by the new 
concepts in aerodynamics. 

“If we applied only a small degree of geometric 
boundary-layer control to our present-day business 
airplanes, we could improve their performance con- 
siderably. Some items that offer opportunities for 


drag reduction are radio antennas, cavities, such as 
unsealed landing gear openings, protuberances, leakage, 
sharp corners, deicer boots, coarse walkways, and other 
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Comparison of four corporation transport design proposals with 
pay load = 2,400 Ibs., range = 2,700 statute miles, cruising W/S = 
60 Ibs./sq.ft. 


roughnesses in the turbulent boundary layer. The 
detrimental effect that these items produce on an air- 
craft’s performance does not seem to be too well ap- 
preciated by industry. A look at the turbulent skin- 
friction curve shows that the turbulent boundary layer, 
at a Reynolds Number of 10 million, doubles in skin 
friction for a roughness of 0.02 per cent of the chord. 
Quite obviously, even brazier-headed rivets exceed this 
roughness. 

“...Aerodynamic technology is at a state where 
better executive airplanes can be built with classical 
concepts, where superior airplanes can be designed, 
using modern concepts, with good assurance that they 
will meet their design performance in short field take- 
off and landing and in cruising speed and range. The 
challenge in both of these categories lies in producing 
the geometry demanded by the boundary layer.”’ 

Mr. Raspet suggested that, “if we admit that dis- 
tributed suction high lift augmentation can, with some 
development, double the usable lift coefficient with a 
relatively small power requirement and, consequently, 
a small weight increase, aerodynamicists will have to 
become more familiar with the concepts of the bound- 
ary layer.’’ He added that “this can be accomplished 
by actually measuring the boundary layer on some 
airplanes in flight...[and] then, with these data and 
the fundamental laws of the boundary layer, specialists 
can actually compute the suction requirements for their 
airplanes. ...Design can be accomplished analytically 
in this order: 


“(1) Compute the potential pressure distribution 
around the airfoil for the two-dimensional case using a 
method such as Moriya’s. 

“(2) From this pressure distribution, compute the 
boundary-layer momentum thickness at the chord 
position where suction is to be started. 

(3) Using this value, compute the suction require- 
ment using the Prandtl form of von Karman’s momen- 
tum equation. 

““(4) From the suction requirements and the measured 
porosity of the perforations, compute the row spacing. 
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$/ per hour 
300 


180 ——+ + 


CHART BASED ON 
220 DAY WORK YEAR 


50 


20 50 100 250 350 


ANNUAL SALARY IN THOUSANDS § 


Executives’ pay scale on an hourly basis. 


“(5) From the pressure distribution and the total 
suction required, one obtains the air power required for 
moving the suction air. Introducing suction pump 
efficiency, one has the power required for the pump. 


“For transmitting the power to the suction pumps, 
which are easily installed in the wing, a hydraulic 
transmission using variable displacement pumps on the 
engines was found most efficient and light, albeit 
expensive.” 

Speaking’ for “those of us working regularly in the 
business aircraft field,’ G. Edward Rice commended 
manufacturers for “foresight in continued development 
of aircraft” for business use. He added, however, that 
‘“‘we have wondered at the reasoning’’ of some major 
manufacturers who have “‘been willing to spend many 
millions of dollars competing in an air-line market of a 
few hundred jet or turboprop airplanes, yet showing 
reluctance to expend a fraction as much to develop an 
airplane’’ for business use. 


As to the future, Mr. Rice quoted the General 
Aviation Facilities Planning Group forecast that in 
1977 a quarter of all first-class business transportation 
in the 100 to 1,000-mile range will be in business aircraft 
and that a considerable upswing will occur in business 
aircraft flying greater distances. A business fleet of 
more than 50,000 aircraft valued at over $1 billion and 
flying more than 11 million hours yearly was forecast. 
He estimated that in 1977 multiengine business air- 
craft will outnumber air-line aircraft by at least seven 
toone. He added: 

“There will be needs for an increasing number of 
single- and multiengine helicopters or other short take- 
off and landing aircraft, reciprocating single- and multi- 
engine aircraft with minimum cruising speeds of 230 
m.p.h., single- and multiengine propeller turbine air- 
craft with minimum speeds of 400 m.p.h., and multi- 
engine turbojet aircraft in the 600 m.p.h. cruising 
speed class. Just as there are aircraft flying today that 
were flying in 1937, there will be aircraft flying in 1977 


A 


that are flying today. However, the majority of these 
aircraft will be built in the next two decades. 

“It is believed that reciprocating engines will be 
used principally in the smaller and shorter range air- 
craft; propeller turbine engines in medium- to long- 
range aircraft, especially in sizes of over 20 passengers; 
and turbojets in high-speed long-range aircraft of under 
20-passenger size. It is felt that the cost of larger jets 
will make their use generally prohibitive in business. 
On the other hand, shaft turbine engines with demon- 
strated reliability may find more widespread use in 
helicopters or the faster single-engine propeller-driven 
aircraft, as the operating efficiency of such engines 
improves.” 

The advantages of jet flight as an efficient and time- 
saving tool for the nations’ businessmen was taken up 
by Major Gen, Sessums in a paper on ‘Executive 
Aircraft for Business and Military.”’ He observed that, 
“when considerations are given to the high cost of 
operating a business that requires management of vast 
interests, it becomes evident that whenever one can 
save time, one saves money. As extensive travel can 
now be accomplished in hours, it is well to consider 
executive salaries in hours.’’ (See accompanying 
figure.) 

General Sessums said that, in considering jet opera- 
tions, “one of the most appealing features is that of 
lowered costs. The time saved by the executive will 
ultimately be measured, of course, by the frequency of 
trips required and the distances involved. Jet fuel, 
although consumed at a greater rate per hour, costs 
approximately one third as much as aviation gasoline. 
With a saving in flight time for the distances covered, 
and cheaper costs of fuel, all operations should be more 
economical.” 

The General said that ‘‘jet maintenance is not a large 
problem, either, for there are fewer moving parts in a 
jet engine when compared with the complex piston 
engine. Jet engine reliability is improving steadily 
and is expected to continue its improvement. For 
instance, the J-47 engine is now approved for 1,200- 
1,400 hours between overhaul.” 

Three significant areas requiring attention, the 
General said, are “the noise problem, engine damage 
caused by ingestion of foreign objects, and the precise 
flight planning required for high-speed, high-altitude 
flight in jet aircraft. 

“The noise problem is receiving attention, but, to 
date, an acceptable device to suppress the high noise 
level generated during ground operations has not been 
developed. There are, of course, other problems that 
need attention. Among these are disposable-type 
oxygen masks that can be used in the event of explosive 
decompression at high altitude. These will be solved 
by those who recognize that the jet age is really here.”’ 
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(Continued from page 29) 


theory of wave propagation in the 
ionosphere with actual physical condi- 
tions. The ground-fired rocket has not 
yet been developed. A Pi-type rockoon, 
with polystyrene balloon, will be used. 

(4) Temperature and Wind. These 
are important measurements for the 
meteorologist. The K-V D-TW ground- 
fired rocket will be used. The nose 
section, called a dart, is not motorized 
and is separated from the second stage 
by an explosive charge. No comparable 
rockoon has been developed. 

If possible, the Japanese hope to 
undertake two other projects: (5) 
Pressure of Atmosphere and (6) Geo- 
magnetic Field. 

In order to obtain the data, recovery 
is necessary, except where telemetering 
is used. The characteristics of the 
rockets are shown in Table 1 below. 

The discussion of these rockets 
aroused considerable interest. They 
apparently will be small and cheap, and, 
if successful, the Japanese will have 
provided an economical and convenient 
way to explore the upper atmosphere. 
A height of 60 to 65 km. is expected. 


Soviet Authors Report 
on Ferrous Alloys Work 


@ A research paper by K. P. Bunin and 
N. Pogrebnoy on the “Mechanism of 
the Effect of Hardening on Graphitiza- 
tion” presents some interesting data 
which are significant in that the authors 
are the only Soviet metallurgists be- 
sides I. A. Oding who even refer to the 
dislocation theory. 

According to the authors, it is uni- 
versally agreed that graphitization of 
steel and white iron is accelerated by 
prior hardening, but there is no agree- 
ment as to why. One school of thought 
considers that the effect of hardening is 
due to changes in the form, dispersion, 
and condition of the cementite and that 
the key factor in determining graphitiza- 
tion is the rate of carbon diffusion. 
The other view is that graphitization is 
related to the withdrawal by diffusion 


of matrix atoms away from the graphi- 
tization front—and that the accelerating 
effect of prior hardening is explained by 
the precipitation of graphite in micro- 
structural inhomogeneities such as 
quenching microcracks and vacancies. 

To resolve this problem, samples of a 
steel with about 0.93 per cent C, 0.38 
per cent Mn, and 1.06 per cent Si were 
quenched from 1,100°C. They were 
then reaustenitized for varying periods 
at 900° to 1,200°C. and air cooled 
prior to graphitizing at 680°C. If 
the effect of hardening is determined by 
stresses in the carbide phase, carbide 
transformation, or degree of disper- 
sion, even a short reaustenitizing treat- 
ment with subsequent slow cooling 
ought to remove the effect of prior 
hardening. On the other hand, accord- 
ing to the authors, if the effect of 
hardening is related to quenching 
microcracks and other microscopic in- 
homogeneities, a brief austenitizing 
treatment ought to have no effect in 
overcoming the accelerating effect of 
prior hardening on graphitization. 

The results showed that reaustenitiz- 
ing can remove the effect of prior 
hardening on graphitization. The re- 
quired time is increased as the tempera- 
ture of the second austenitizing is 
lowered. At 1,200°C., 10 to 15 min. 
were adequate; at 900°C., more than 4 
hours were required. 

Therefore, the main cause for the ac- 
celeration of graphitization by prior 
hardening appears to be defects (micro- 
cracks) and distortions of the matrix 
caused by hardening. Changes in dis- 
persion and condition of the cementite 
can play only a secondary role. 

Western investigators such as E. D. 
Harry have considered that this theory 
provides a plausible explanation of a 
number of factors involved in sub- 
critical graphitization but that more 
proof was needed. Bunin is gradually 
accumulating the data necessary to 
bolster his hypothesis. It is now clear 
that the quenching cracks (easily visible 
at 500 X) shown in one of Bunin’s 


TABLE 1 
Type ———-Diameter in Millimeters : Pay Load in Kilograms 
Dart Main Rocket Booster 
K-5 RS 122 330 1.8+t08 
kK-4C 128 330 6 to 7 
K-V D-TW 80 122 330 13.5 


previous articles must not be typical, as 
such cracks would not be expected 
to heal during a second austenitizing 
treatment. As was surmised at the 
time, he must be concerned with smaller- 
scale inhomogeneities, such as disloca- 
tions and incipient cracks, which could 
heal. 


U.S.S.R. P-57 Tank Equipped 
With Launcher for Rockets 


@ West German newspaper readers 
have learned of a hitherto undisclosed 
Soviet tank that has won for its de- 
veloper—an engineer whose name was 
not disclosed—a prize of 100,000 rubles 
(about $25,000 at the official rate). Der 
Flieger, a Munich newspaper, reported 
that the sum was awarded by the 
Academy of Sciences, Moscow. 

The tank, described with the designa- 
tion P-57, reportedly is equipped with a 
launcher designed to fire rockets either 
for ground-to-air or ground-to-ground 
use. The report said the prototype 
vehicle had a launcher which could carry 
twelve rockets but that the production 
model has a 20-round launcher. 

The item stated that the rounds would 
be fired with radar aid but did not indi- 
cate the type of fire control. Rocket 
performance was not reported except 
that maximum altitude was 26,200 ft. 
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GUARANTEED IN CASTING 


T.S. Y.S. % El. 
38,000 28,000 6 


FOR AIRCRAFT AND MISSILE CASTINGS 


American Brake Shoe Company’s new aluminum foun- 
dry at Mahwah, New Jersey, supplies high-strength and 
commercial castings for aircraft and missile applica- 
tions. Techniques and facilities developed in two years 
of pilot production make this the country’s most mod- 
ern aluminum foundry. 

In Ductaluminum 356S, Brake Shoe guarantees yield 
strengths in the casting over 100% greater than required 
by QQ-A-601la specifications for commercial 356-T6 
castings. Where this high strength is not required, com- 
mercial grade aluminum castings are offered. Tech- 
niques include sand, shell, and plaster mold. Castings 
range from several ounces to 500 pounds. 


AMERICAN 


The higher strength of Brake Shoe aluminum cast- 
ings offers substantial weight savings in design. Im- 
proved casting soundness substantially eliminates the 
reject problem for customers who have switched to 
Brake Shoe. For more information on aluminum cast- 
ings by Brake Shoe, write for our booklet “Duct- 
aluminum 356.” 


GUARANTEED PROPERTIES 
IN HIGHLY STRESSED AREAS 


T.S., psi Y.S., psi % El. 
Ductaluminum 356T..... 38,000 28,000 6 
Ductaluminum 356S..... 42,000 35,000 3 
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instruments against the tons of grav- 
itational pull they meet in a rocket 
take-off tells much that will help pro- 
tect passengers in a rocket ship. Im- 
proved aerodynamic design for super- 
sonic fighters suggests more efficient 
airframes for rockets. The control 
system which will permit directing 
the Douglas Thor missile to a target 
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1500 miles away leads to controls 
for tomorrow’s rocket ships. 

Today, Douglas engineers work in 
fields ranging from atomic power to 
electronics, thermodynamics to acous- 
tics. You see the results in skies 
around the world, in aircraft, rockets 
and missiles for all of our armed 
services. 


COAST AND GEODETIC SURVEY 


1957 77 


Thor, new intermediate range ballistic 
missile developed for the Air Force by the 
Douglas Aircraft Company is still a hush- 
hush project. Thor is designed to carry a 
thermonuclear warhead at meteoric 
speeds . . . when operational will supple- 
ment the manned bomber force of the 
Strategic Air Command. Douglas is now 
building three basic types of rocket and 
missile: air-to-air, ground-to-air, and 
ground-to-ground. 


— 


IAS News (Continued from page 27) 


e Bendix Aviation Corporation. . . Eclipse- 
Pioneer Division reports receipt of a 
$1.1 million order for PB-20 automatic 
flight control systems for Convair 880 
commercial jet transports. ...Malcolm 
G. Douglas has been appointed Director 
of Sales and Service, Montrose Division. 


®@ Cornell Aeronautical Laboratory, Inc., 
has developed a research aircraft, said to be 
capable of behaving like many other 
aircraft, termed a ‘“‘variable stability and 
control airplane.’’ Automatic control 
equipment is said to simulate changes in 
its physical characteristics. The Labora- 
tory also reports development of new 
computing equipment for controlling 
interceptor groups against attacking en- 
emy aircraft for fleet air defense. Six 
directors appointed to newly created 
divisions of the firm are William F. 
Milliken—Full-Scale Division; Franklin 
K. Moore—Aerodynamic Division; 
Harold A. Cheilek—Engineering Sciences 
Division; Robert H. Shatz—Systems 
Research Division; Robert S. Kelso 
Experimental Facilities Division; and 
Seville Chapman—Physics Division. 
Five senior staff members were named 
heads of new departments. 


e The Dow .Chemical Company reports 
that big, higher-strength pellet extrusions 
are being produced successfully from its 
13,200-ton extrusion press. James B. 
Reid has been named Magnesium Sales 
Manager in the firm's New York ter- 
ritory. The firm has established a new 
magnesium sales section to market mag- 
nesium and aluminum extrusions from 
its new press. John J. Clemens was 
named to head the section. 


e Sairchild Camera and Instrument Cor- 
poration has announced the appointment 
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A new supersonic flight suit, developed 
by the personal equipment subcommittee of 
the Industry Crew Escape Systems Committee, 
is modeled by W. H. Reineking, Design 
Specialist in charge of the Human Engineer- 
ing Group, Convair (San Diego) Division, 
General Dynamics Corp. Protective fea- 
tures found in five other suits are combined 
into the one garment. The three-piece out- 
fit is said to add up to 10 seconds’ additional 
protection from burns, float the pilot face-up 
even when unconscious, reduce by one-third 
the time it takes for a pilot to don full per- 
sonal equipment, and decrease the bulk of 
equipment. 


of Charles J. Malven as Manager, West 
Coast Office, Industrial Camera Division. 


@ Fairchild Engine and Airplane Corpo- 
ration...Guided Missiles Division has 
announced the appointment of John F. 
Hicks to the position of Assistant to the 
General Manager. 


Latest version of General Electric Company's Vulcan gun is this 30-mm. model 


using 50 per cent larger shells. 


Developed in the firm's Missile and O 


rdnance 


Systems Department for the Air Force, the gun is similar in operation to the Gat- 


ling = invented in 1862. The earlier 20-mm. mode! arms the Lockheed 


@ Federal Telecommunication Laborato- 
ries, Division of International Telephone 
and Telegraph Corporation, has announced 
completion of a new “over-the-horizon” 
television-telephone link between Florida 
and Cuba (185 miles). In what the firm 
calls the key to a new era in international 
communication, microwaves are caromed 
off the troposphere to highly sensitive 
receiving antennas in Cuba. Other sys- 
tems are under construction in Europe. 


e Flight Refueling, Inc., has announced it 
will manufacture a prototype probe and 
drogue aerial refueling system for the 
Martin P6M SeaMaster. 


e General Dynamics Corporation, Con 
vair Division, has announced rocket-sled 
seat ejection tests from a B-58 nose section. 
Three dummies, corresponding to the 
Hustler’s three crewmen, have been 
ejected under conditions equivalent to the 
plane’s supersonic speed. The division 
also announced that one of the world’s 
largest template cameras will be used in 
the reproduction of templates for building 
the Convair 880... . A slotted-blade vane- 
axial fan, orginally developed by the 
Electric Boat Division for the atomic 
submarine U.S.S. ‘‘Skate,’”’ will be in- 
stalled in the 880. It represents the 
lightest and most efficient air-conditioning 
unit ever fabricated for aircraft use, 
according to the firm... . Convair reports 
that four 880's have been purchased by the 
Brazilian air line Real-Aerovias. 


@General Electric Company Research 
Laboratory has announced development 
of “four-square”’ silicon iron, said to be a 
new kind of sheet material designed to 
increase the efficiency of transformers, 
motors, generators. The firm's 
Nobel-prize winner, Dr. Irving Langmuir, 
76, died on August 16..... Aircraft Gas 
Turbine Division engineers have developed 
a drilling and milling machine said to drill 
as many as 80 holes and mill 40 scallops 
automatically in a jet-engine tailpipe. 
They also have announced a_ polygon 
grinder said to grind internal and external 
spherical triangles, squares, ellipses, and 
circles... . Jerome T. Coe has been ap- 
pointed Manager of Marketing, Silicone 
Products Department, Chemical and 
Metallurgical Division. ...Defense Elec- 
tronic Division has developed a booster 
unit which allows the separation of nose 
cone models from bodies during free 
flight tests. The significance, according 
to the firm, is that the principle employed 
in the inexpensive, small-scale range 
firings can be used for larger scale free 
flight. The operation permits aerody- 
namicists to study such effects as tempera- 
ture, pressure, and noise on afterbody 
structures....A new tube, the GL-6917, 
has been developed by the Electronic 
Components Division, Power Tube De- 
partment, to aid in preventing enemy 
radar-jamming. The division’s Semicon- 
ductor Products Department has an- 
nounced a new 85-watt silicon power 
transistor, said to have the highest power 
rating of any high-temperature transistor 
available. 


© General Precision Equipment Corpora- 
tion and A. V. Roe Canada Limited have 
agreed to a sales and manufacturing ex- 
change covering a wide variety of ad- 
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This concave spiral bevel gear of more 
than 18% pitch diameter has been 
carburized and is leaving the hardening 
furnace. Heat treatment is so distortion 
free that it meets finest aircraft gearing 
standards without subsequent tooth 
grinding. It transmits 1525 horse- 
power in the First Stage Main 

Rotor Reduction of the Sikorsky 

S-58 helicopter. 


PRECISION 


is Our Product! 


@ Everything at I1.G.W. is geared to precision. You'll find a “feeling” for 
precision not just in inspection and production and engineering, but also 
in maintenance and shipping and on throughout the company. It’s the 
basic reason why I.G.W. is the recognized source for precision gears 


INDIANA GEAR WORKS, INC. * 


INDIANAPOLIS 7, INDIANA 
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At Moog: 


P g Production Valves 


Quality Tested 
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One reason Moog makes so many 

servo valves so well is just what you see 
here— a superbly-equipped test room where 
every valve is put through its paces. 

All test apparatus was designed and built 
by Moog especially to test production valves 
for performance criteria including flow rate, 
frequency response, resolution, linearity, 
and hysteresis. This attention to quality in 


quantity is your assurance of reliable servo 


valves for your production requirements. 


ELECTROHYDRAULIC SERVO MECHANISMS 


MOOG VALVE CO., INC. PRONER AIRPORT, EAST AURORA, NEW YORK 


Research Laboratory, Paramus, New Jersey 
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Lockheed Aircraft Corporation's 16,200-hp. C-130B is being offered to air lines in a com- 
mercial air freight version with delivery scheduled for early 1960. Lockheed says the freighter 
will lift more than 22 tons for a nonstop distance of 1,750 miles. Cruising speed is said to be 


350 m.p.h. at 30,000 ft. altitude. 


vanced technological products, according 
toan announcement from both companies. 
Included in the group are GPE affiliates 
Link Aviation, Inc.; Kearfott Company, 
Inc.; General Precision Laboratory In- 
corporated; and Askania Regulator Com- 
pany....GPL has announced a_ new 
“single unit’ closed-circuit television 
camera with associated remote control 
accessories, Model PD-500, said to contain 
in one package the camera, camera 
circuitry, and camera controls within 
measurements of 5 in. width, 7!/2 in. 
height, and 12 in. length... .Kearfott 
Company, Inc., has announced availa- 
bility index stands with either a synchro 
or resolver bridge built as an integral part 
of the unit. Another new index stand 
(KT 426077) also available is said to hold 
and accurately locate the rotor shaft of a 
synchro to a desired angular position with 
respect to the stator. The firm’s angle 
position indicator and servoamplifier (KT- 
427566-1) are said to form a servomecha- 
nism for accurate presentation of angular 
positions in terms of degrees and minutes, 
when properly interconnected. Kearfott 
also has announced a new radar test set 
containing both X-Band and C-Band in 
a portable cabinet. Arthur J. Olson, Jr., 
has been appointed Service Manager 
and Charles H. Berry, General Manager, 
Western Division. 


eG. M. Giannini & Co., Inc., has an- 
nounced a new Binary Time Code Genera- 
tory, Datex DC-1038, said to produce a 
serial output of one synchronizing pulse 
followed by eight bits of binary coded 
d.c. timing signals per second. The total 
number of unique binary coded time 
signals produced is 128, according to the 
announcement. 


® The Goodyear Tire & Rubber Company, 
Inc....Aviation Products Division has 
announced the appointment of Edward 
Wolf as Manager, Special Products 
Department, and William F. Burdick to 
the department staff. George Bachtel has 
been appointed to the newly created 
position of Administrative Assistant to the 
Division General Manager. 


The freighter will have 13'/2-ft. four-bladed propellers. 


e Grumman Aircraft Engineering Corpo- 
ration has announced the opening of 
offices in Washington, D.C. (the Continen- 
tal Building, 1012 Fourteenth Street) 
under the direction of Vice-Admiral 
Joseph F. Bolger, USN (Ret.). 

© Kelsey-Hayes Company has announced 
the purchase of Control Specialists, 
Inc., of Inglewood, Calif.—an engineering 
and research firm. Information on the 
company’s various aviation divisions is 
listed in a new 32-page booklet available 
by writing to C. W. Duffy, Advertising 
Manager, Kelsey-Hayes Company, De- 
troit 32, Mich. 

@ Kollsman Instrument Corporation re- 
ports that it has stepped up production of 
synchrotel transmitters and servotorque 
units to meet increased activity in the 
manufacture of guided missiles. Redesign 
and standardization of parts have moved 
up delivery dates from 4 and 6 months to 
60 days. 

@ Lear, Incorporated... LearCal Division 
has published a booklet called ADF Sta- 
tions which lists data for more than 3,000 
radio stations in the United States, 
Canada, and Mexico, suitable for auto- 
matic direction finding. Kenneth M. 
Miller has resumed his position as Man- 
ager of Engineering after a year on special 
assignment as Manager of Special 
Products. ...Lear-Romec Division has 
announced availability of a dual-circuit 
heat exchanger for air-borne electronic 
equipment, Model RR20090, said to have 
a nominal heat dissipation rate of 6,000 
watts total for both fluid circuits while 
maintaining a maximum liquid outlet 
temperature of 180°F. from sea level to 
20,000 ft. 


eC. W. Lemmerman, Inc., has announced 
the election of Col. L. L. Morse as Vice- 
President and Director of the firm. 


@ Lockheed Aircraft Corporation Missile 
Systems Division and the Air Force have 
announced that numerous ballistic missile 
nose cones have been successfully tested 
on flights of the X-17. This missile, ac- 
cording to the announcement, has a flight 
lasting 6 min. and uses both a three- 


8] 


rocket second stage and a third-stage 
rocket to drive it downward through the 
atmosphere. Flight data are radioed to 
ground stations. Nuclear propulsion for 
missiles will be studied further with a new 
atom smasher which has been put into 
use at the firm’s Palo Alto, Calif., nuclear 
laboratory. .California Division engi- 
neers report completion in record time of 
the JetStar, 10-passenger utility transport 
in the 500-m.p.h. class for the Air Force. 
The project was begun January 7, with no 
engineering drawings or specifications. 
The roll-out date 10 months later was met 
on the nose, according to Lockheed of- 
ficials who said the average aircraft indus- 
try experience of 350 men on the project 
equaled 14.5 vears. The aircraft is pow- 
ered by two Bristol Orpheus engines 
mounted in pods attached to the rear of the 
fuselage. .Georgia Division has an- 
nounced a new version of the Hercules, 
designated the C-130B, said to provide 
greater pay load, range, and utility. The 
division also announced that a C-130 flew 
across the country on two engines for test 
purposes. A tanker version of the Hercu- 
les has made successful flight. tests, accord- 
ing tothe division. Electra Notes: Vibra- 
tion and shake tests have been conducted 
on the aircraft. Most of the essential 
shakedowns of the Allison 501 engines and 
Aeroproducts 606 propellers have been 
completed in a modified constellation. 
Polyethylene pins for insulation fasteners 
have cut aircraft weight 30 to 50 Ibs. A 
new 100,000-lb. king-size pressure cooker 
is in use at the firm’s Burbank plant 
building up trailing-edge wing assemblies 
through a metal-bonding method. 

@ Marquardt Aircraft Company has in- 
augurated a radio program ‘Engineering 
Report” heard 5 days a week, 7:25 to 
7:30 a.m., in Los Angeles, Calif., on station 
KABC. The show features news and 
commentary on various technical and en- 
gineering developments in aircraft, mis- 
sile, electronics, and allied industries. 

e@ The Martin Company has been awarded 
the John Price Wetherill Medal of The 
Franklin Institute ‘in recognition of the 
intensive research, development, and 
manufacture of bonded structures.”’ It 
is the first firm to be awarded the honor. 


Minneapolis-Honeywell Regulator 
Company has created a Military Products 
Group, said to combine all resources and 
military electronics experience into one of 
the largest sources in the country for re- 
search, engineering, and production capa- 
bility. Stephen F. Keating, Vice-Presi- 
dent, Aeronautical Division, has corporate 
responsibility for the new group's activi- 
ties. His division, together with the firm’s 
Ordnance and Boston divisions, form the 
main core of the group. The firm also re- 
ports that the first aircraft engine inlet 
diffuser control system to operate auto- 
matically during supersonic flight is in 
use on the B-58. The Aeronautical 
Division manufactures the system. 


e Norden-Ketay Corporation has pub- 
lished a new bulletin on Pick-Off and Sec- 
tor Potentiometers for Aircraft and Missile 
Control Systems which includes specifica- 
tions and outline drawings. Bulletin #415 
may be obtained by writing the firm at 
Commerce Road, Stamford, Conn. The 
company also has announced a new size 
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FROM AN ORIGINAL PAINTING FOR CECO BY R. T. HANDVILLE 


Contributing... 
to superb performance 


Convair’s F-102A Delta Dagger is powered by a Pratt & 
Whitney Aircraft J-57 turbojet with afterburner fuel control 
: engineered and built by Chandler-Evans. 


Products, too, are “known by the company they keep”, and 
CECO is proud to be airborne with many of the latest and finest 
military and commercial aircraft. 


8 Typical CECO fuel system components: Model MC-11 is one of a new series 
pelea of complete fuel control systems for small gas turbines. These controls in- 
corporate integral fuel pumps, yet one version actually weighs less than eight 
pounds. Model 9504 Fuel Pump, by-pass equipped, three-element pump, supplies 
fuel at predetermined pressures and quantities to both main and afterburner 

fuel controls. 


CHANDLER-EVANS 


WEST HARTFORD 1, CONNECTICUT 


Ne of Write Dept. 6G for an informative folder on 
CECO’s new SMALL ENGINE FUEL CONTKOLS, or 
for folders on: AFTERBURNER FUEL CONTROLS; AIR- 


SYSTEMS 7 CONTROLS cRAFT Pumps; UNITIZED FUEL CoNTROL SYSTEMS. 


15 resolver (10502V) said to provide g 
higher accuracy and impedance than 
previously obtainable. Jack Stadler has 
been appointed Director of Planning and 
Leslie M. Slote, Director of Personnel and 
Manager Development. 


e North American Aviation, Inc. . . .Los 
Angeles Division has announced a method 
of gold-coating engine shrouds called re- 
flectant noble metal coating and said to 
protect advanced jet aircraft engines from 
heat and corrosion on the inside. An ex- 
terior coating is said to reduce the amount 
of heat radiated outside onto components 
and structure of the aircraft. The division 
also has announced a new method of sav- 
ing tools, man-hours, and titanium by 
overcoming the metal’s tendency to crack 
in stretch-forming wherever there are 
rough edges or shear fractures. A new de- 
vice mechanically pulls strips of titanium 
through a series of graduated cutting tools 
radiused to give the metal a smooth, 
rounded edge. 


e Northrop Aircraft, Inc., has announced 
the merger of its subsidiary Radioplane 
Company into the parent firm as a line 
division. . . .Alan C. Morgan has been 
elected to the newly created position of 
Vice-President of Contracts, Northrop 
Division. Paul H. Crews, former USAF 
security officer, has been appointed 
division Director of Plant Security and 
Protection. 


e Pan American World Airways, Inc., has 
begun direct nonstop service from New 
York to Rome which, the firm says, is the 
first in transatlantic air history. DC-76 
aircraft will fly the 4,282-mile route in an 
estimated 13 hours and 15 min., three times 
a week. The air lines also announced like 
service to Frankfurt. The firm has begun 
polar-route flights from Seattle, Wash., 
and Los Angeles and San Francisco, Calif,, 
to London and Paris, four times a week. 


e Piasecki Aircraft Corporation has an- 
nounced the appointment of John J. 
Hensel, production and manufacturing 
costs expert, as Administrative Coordina- 
tor of the firm’s Delaware Division. 


e Reaction Motors, Inc., has announced 
that its new, all-attitude test stand at 
Lake Denmark, N.J., has been put into 
operation with the firing of one of the 
firm’s latest rocket engine designs. Said 
to be the largest of its kind, the stand is 
reportedly capable of withstanding sus- 
tained thrust of one million pounds with 
the engine mounted in any flight attitude. 


e Servomechanisms, Inc., has acquired 
an evaporation technique process in ob- 
taining certain assets of Silver Plastics 
Corporation, El Segundo, Calif. The 
technique effects the deposit of metals on 
electronic components. Servomechanisms 
designs and manufactures complex elec- 
tromechanical control equipment and com- 
ponents for aircraft and missile applica- 
tions. The company has made the same 
move involving Precision Components, 
Inc., and has incorporated that firm’s ad- 
vanced precision tachometer generator 
into the line of products of its Mechatrol 
Division. . . .A new brochure on the prod- 
ucts, capabilities, and facilities of the 
firm’s new Magnetics Division is available 
from the division at 1000 West El Segundo 
Blvd., Hawthorne, Calif. 
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IAS NEWS 


A series of tests to determine compatibility of Westinghouse Electric Corporation's J-34-WE- 
46 jet engine and the North American Aviation T2J-1 inlet duct has been completed at the 


Westinghouse Flight Test Center. 
the engines for the Navy's T2J trainer. 


¢ Simmonds Aerocessories, Inc., Board 
of Directors has announced the election of 
Gerald J. McCaul as Vice-President, Con- 
tracts and Service, and Myron G. Dom- 
sitz, Vice-President, R&D. 

¢ Sperry Gyroscope Company Division of 
Sperry Rand Corporation has announced 
development of a new self-contained gyro 
horizon said to provide attitude flight data 
accuracies approaching those obtained 
only with gyro-stabilized ‘‘platforms.”’ 

¢ Thiokol Chemical Corporation has is- 
sued a booklet on the firm’s new liquid 
polymer LP-31, said to have the highest 
molecular weight of the liquid polysulfide 
polymers manufactured by the firm. 


¢ Trans World Airlines, Inc., has an- 
nounced that the first of five Super G 
Constellation flight simulators has been 
installed at the firm’s Kansas City, Kan., 
training center. 


¢ Union Carbide Corporation has pub- 
lished a new booklet containing the latest 
properties information on Multimet alloy, 
used in aircraft metal-working applica- 
tions. Copies may be obtained from Liter- 
ature Distribution Section, Haynes Stellite 
Company, Division of Union Carbide 
Corporation, 30-20 Thomson Avenue, 
Long Island City 1, N.Y... .Linde Com- 
pany division has introduced a new me- 
dium-pressure welding blowpipe reportedly 
capable of welding any metal thickness 
from 28 gage to 3 in. and handling heating 
jobs requiring total gas flows up to 1,500 
cu.ft. per hour. The division is expanding 
its production facilities at Fontana, Calif., 
to increase the liquid oxygen and liquid 
nitrogen capacity of the plant by more 
than 100 million cu.ft. per month... . 
National Carbon Company division has 
announced a 7-year industrial expansion 
program to add nearly 100,000 tons of an- 
nual productive capacity at plants 
throughout the nation. C. E. Ford has 
been named to the newly created position 
of New Products Marketing Manager of 
the division. The Carbon Products Sales 
Department has been reorganized to pro- 
vide better technical service to industrial 
customers. 

© Vickers Incorporated has announced a 
new hydraulic ground-mobile jet-engine 
Starter which is said to offer many ad- 
Vantages over existing starter systems. 


The firm's Aviation Gas Turbine Division will manufacture 


R. E. Esch, General Manager, Inter- 
national Division, has been elected a 
Vice-President of the company. Frank 
L. Moncher has been appointed Director, 
Engineering, Aero Hydraulics Division. 

@ Vitro Corporation of America has an- 
nounced acquisition of Nems-Clarke, 
Inc., a firm engaged in design, develop- 
ment, and production in the fields of elec- 
tronics, communications, mechanics, tele- 
vision, instrumentation, automation, and 
nucleonics. The firm is now an operating 
division of Vitro. Laurance S. Rockefeller 
and Robert W. Purcell have been elected 
to the board of directors 
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e Western Gear Corporation. . .Electro 
Products Division has announced the 
availability of a new miniature 12-16 vde 
motor said to be capable of operating in 
dry nitrogen gas at 30 mm. of mercury 
pressure absolute for 200 hours. Designed 
for missile application, it is designated 
Model P2P11A. The firm has issued a 
new engineering catalog on Rotary Elec- 
trical and Electronic Equipment, Bulletin 
5721, available from Glenn Malme, 
Western Gear Corporation, P.O, Box 182, 
Lynwood, Calif. 

e@ Westinghouse Electric Corporation has 
announced availability of a new silicon in 
which the impurities are said to be less 
than one part in six billion. A joint 
development of Westinghouse, Siemens- 
Schuckert, and Siemens & Halske Com- 
panies in Germany, the new silicon is said 
to have single crystal properties ranging 
from 400 to 1,000 ohm-centimeters resis- 
tivity with a lifetime of 400 to 800 micro- 
sec. The firm’s carrier-microwave de- 
partment has announced completion of a 
new office building adjacent to the Hale- 
thorpe, Md., plant. John B. Graef has 
been named Manager, Aviation Industry 
Sales. 

e@ Weston Electrical Instrument Corpora- 
tion, a Subsidiary of Daystrom, Inc., has 
added a new district sales office and repair 
facility in San Francisco, Calif., at 147 
10th Street. The new facility includes 
high-precision test equipment for the cali- 
bration and repair of panel, switchboard, 
and portable instruments. Herman” E. 
Held is District Manager. 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the Review. 


Transferred to Associate Fellow Grade 

Bradfield, Walter S., M.S. in Ae.E., 
Sr. Staff Scientist, Scientific Research 
Lab., Convair Div. (San Diego), General 
Dynamics Corp. 

Bridgforth, Robert M., Jr., M.S. in 
Physical Chem., Sr. Group Engr., Power 
Plant Staff, Boeing Airplane Co. 

Goodmanson, Lloyd T., M.S. in Ae.E. 
Proj. Engr., Boeing Airplane Co. 

Kellner, Richard J., Proj. Engr. 
Weapons System Div., Radioplane Co. 

Levy, Lawrence, M.S. in Ae.E., Pres. 
Allied Research Associates, Inc. 

Rotelli, Ranieri L., B.S. in M.E. 
Proj. Engr., Boeing Airplane Co. 

Steele, Crittenden P., B.S. in Ae.E. 
Proj. Engr., Boeing Airplane Co. 


Elected to MEMBER Grade 


Baker, Thomas F., B.S. in M.E., Head, 
Vibration and Flutter Section, NACA 
(Edwards AFB). 


Batscha, Alexander P., B.S. in Ch.E., 


Propulsion System Analyst, AGT Div., 
General Electric Co. (Cincinnati). 

Benveniste, Robert M., B.S. in Ae.E., 
Aerodynamicist, Boeing Airplane Co. 
(Renton). 

Bottorff, Marion R., M.S. in M.E., Sr. 
Test Engr., Aero. Lab. Dept., Univ. of 
Southern California. 

Brainard, Robert E., M.S. in Engrg., 
Staff Analyst, Summers Gyroscope Co. 

Briggs, Cameron, B.S., Service Engr., 


Convair Div. (San Diego), General 
Dynamics Corp. 
Brown, Eugene L., B.S. in Indus. 


Engrg., Aerodynamicist, Bell Helicopter 
Corp. 

Clooney, Robert E., Sr. Engr., Airframe 
Design, Northrop Aircraft, Inc. 

Dempsey, J. R., M.S. in Ae.E., Div. 
Mgr., Convair Div. (Astronautics, San 
Diego), General Dynamics Corp. 

Ellenburg, George W., M.S. in Indus. 
Engrg., Mgr., Design Analysis, Rocket 
Engrg., Flight Propulsion Lab. Dept., 
General Electric Co. (Evendale). 
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anitrol couplings for bleed air ducts 
provide positive metal-to-metal seal, 
are easily installed in tight spots, stay 
pressure-tight after repeated disconnects 
—and in addition give lowest weight per 
coupling yet achieved. 


Janitrol pneumatic valves and regulators 
bring new versatility, light weight and 
dependability to air distribution systems 
for tank pressurization, canopy seal, and 
other vital air-powered devices. 


Janitrol Platular® heat exchangers com- 
bine the efficiency of tubes, the strength 
of plates, and the simplicity of modular 
construction. They offer new compact- 
ness, high performance, and freedom of 
design in restricted spaces. 


If your company is making major invest- 
ments in jets and missiles for the future, 
Janitrol’s resources can serve you well. 
They have carried a broad range of air- 
craft hardware out of the design stage 
into proven realities. Your Janitrol rep- 
resentative invites your inquiry... 
Janitrol Aircraft-Automotive Division, 
Surface Combustion Corporation, 
Columbus 16, Ohio. 
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Gamage, Russell W., M.S. in Ce.E., 
Engrg. Specialist, Northrop Aircraft, Inc. 

Gingo, Peter J., B.S. in Physics, Aero- 
dynamic Engr., Propulsion Research Corp. 

Gluhareff, Eugene M., B.S. in Ae.E., 
Pres. and Chiet Engr., E. Gluhareff 
Helicopter Corp. 

Gottfried, Freer R., B.S. in Engrg., 
Supvr., Flight Test Operations, Mar- 
quardt Aircraft Co. 

Gray, Billy C., M.B.A., Lt. Col., Asst. 
Secy., Scientific Advisory Board, USAF 
(Washington, D.C.). 

Hergenrother, Rudolf C., Ph.D. in 
Physics, Dept. Mgr., Raytheon Mfg. Co. 

Huey, Homer D., B.S. in Ae.E., Tech. 
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Director, Aviation Armament Lab., Naval 
Air Development Center (Jonnsville). 

Johns, David J., B.S. in Engrg., Tech. 
Officer, Sir W. G. Armstrong Whitworth 
Aircraft, Ltd. 

Johnson, Henry A., Supvr., F-89 
Service Engrg., Northrop Aircraft, Inc. 

Lowe, John E., B.S. in C.E., Leadman, 
Boeing Airplane Co. 

Kremzier, Emil J., B.S. in Ae.E., Sr. 


Thermodynamics Engr., Convair Div. 
(San Diego), General Dynamics Corp. 
MacInnes, John N., B.S. in C.E., 


Naval Advisor to V-P, Engrg. & Military 
Relations, Rvan Aeronautical Co. 
Mathewson, A. A., B.S. in M.E., V-P. 


The new ALUMICOAT Molten 
Aluminum Process protects the 


turbine stator blades of the Curtiss-Wright J-65 
jet engine against high temperature corrosion. 
“ALUMICOATing” metallurgically bonds aluminum 
to stainless steels and the super-alloys for 


improved performance in the face of 


severe high temperature oxidizing conditions. 


Use the ALUMICOAT Process to solve your 
high temperature problems! 


: Arthur Tickle Engineering Works, Inc. : 
22B Delevan Street 
Brooklyn 31, N. Y. 
4 Please send ALUMICOAT brochure ; 
g and information on the ALUMICOAT 4 
process. 
Name 
Address 
City. Zone +___ State 


turbine Stator. © 


Send the coupon today for 
complete details. 


ARTHUR TICKLE 
ENGINEERING WORKS, Inc. 


22B Delevan Street 
Brooklyn 31, N. Y. 
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Engrg., Petro Mechanics Research Divy., 
Borg-Warner Corp. 

Matlock, Robert W., B.S. in 
Chief Engr., Zenith Plastics Co. 

McCormack, Gerald M., B.S. in M.E., 
Chief, 9 X 7 Ft. Supersonic Wind Tunnel, 
Ames Aero. Lab., NACA (Moffett Field), 

Menin, J. Brian, Sr. Structures Engr., 
Lockheed Aircraft Corp. (Marietta). 

Minutello, Raymond V., B.S. in M.E., 
Flight Test Engr., Convair Div. (San 
Diego), General Dynamics Corp. 

Montgomery, John B., B.S. in Physics, 
General Mgr., Production Engine Dept., 
General Electric Co. (Evendale). 

Peters, Brice G., B.S. in Engrg., Design 
Specialist Missile Systems Div., Lock- 
heed Aircraft Corp. (Van Nuys). 

Redd, Joseph W., Jr., B.S. in M.E., 
Asst. Flight Test Group Engr., Convair 
Div. (San Diego), General Dynamics 
Corp. 

Shippen, William B., B.S. in M.E,, 
Engr., Applied Physics Lab., The Johns 
Hopkins Univ. 

Smith, Harry H., Chief Weight Engr., 
Blackburn and General Aircraft, Ltd. 

Snowden, Earl W., B.S. in Ae.E., Sr. 


M.E., 


Structures Engr., Convair Div. (Ft. 
Worth), General Dynamics Corp. 
Taylor, Clement F., B.S. in E.E., 


Engr., Flowmeter Advance Engrg., Gen- 
eral Electric Co. (Lynn). 

Turner, James R., M.S. in 
Research Engr., Ingersoll-Rand Co. 

Wagner, Fred G., Sr. Aerodynamics 
Engr., Convair Div. (San Diego), General 
Dynamics Corp. 

Younger, Dewey G., Jr., M.S. in M_E., 
Supvr., Structures, Missile Development 
Div., North American Aviation, Inc. 
(Downey ). 

Zarovsky, Jacob, B.S. in Ae.E., Guided 
Missile Proj. Dir., U. S. Army Ordnance 
Corp. (Redstone Arsenal). 


Transferred to MEMBER Grade 


Francis, James E., M.S. in Ae.E., 
Aerodynamic Specialist, General Electric 
Co. (San Romon). 

Mayes, Joe F., B.S. in Ae.E., Aero- 
dynamics Engr., Convair Div. (Ft. Worth) 
General Dynamics Corp. 

O’Clock, Robert, M.S. in Ac.E., Maj., 
Student, Air Command & Staff College, 
USAF (Maxwell AFB). 

Rastiello, Michael K., B.S. in Ae.E., 


M.E., 


Aerodynamicist, North American Avia- 
tion, Inc. (Columbus). 
Robison, William C., Aero. Engr., 


Capt., B-58 Proj. Engr., USAF (Wright- 
Patterson AFB). 
Schramm, Ned, Jr., B.S. in Engrg. & 


Military Tactics, Lt. Col., Graduate 
Student, Univ. of Southern California, 
USAF. 


Spak, Michael, B.S. in Ae.E. Structures 
Engr., Douglas Aircraft Co., Inc. (Santa 
Monica). 

Tripp, Warren J., B.S. in Ae.E., Engr., 
New Product Planning, General Electric 
Co. (Evendale). 

West, Robert E., B.S. in Ac.E., Flight 
Test Engr. ‘A,’ Boeing Airplane Co. 
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PERFORMANCE PROVES CAPABILITY 


KEARFOTT has been engaged in the development, 
production and flight testing of Inertial Systems and 
their components for over 7 years. Their leadership 
in the field of lightweight, high precision Inertial 
Guidance Systems for aircraft and missiles has been 
proved by performance. The instrument shown here 
is a typical KEARFOTT inertial platform. 


INERTIAL 
GUIDANCE 


Based on this 3 gyro, 3 gimbal stable platform 
weighing only 25 pounds, precise vertical 
reference (2 milliradians) under all dynamic 
conditions is guaranteed. This system also serves 
as an all-latitude compass system with 1° per 


CENTRAL GYRO 


REFERENCE hour random drift rate. Its performance is 
SYSTEMS substantiated by the hundreds of systems in 
operation today. 
Based on a 29.5 pound 3 gyro, 4 gimbal platform, 
LIGHT WEIGHT Kearfott All Attitude Compass Systems provide 
continuous steering signals throughout a LABS 
ALL ATTITUDE maneuver. In addition to the compass features of 
COMPASS the U.S.A.F. J4 System, precise vertical reference 
AND VERTICAL for fire control, autopilot and radar stabilization 
is available. Proved by 2 years’ service in the 
REFERENCE field. Total system weight—57 pounds. 
SYSTEMS 


Kearfott's great circle dead reckoning computer 
systems, continuously compute and display 

present position, course and distance to a primary 
and 3 alternate destinations, latitude and 
longitude of the destination points. Ground track 

is also indicated. Range: 2000 miles, speed range: 


GREAT CIRCLE 


NAVIGATION 2000 knots. Extensive flight tests have confirmed 
the following accuracies: Present position—1 mile 
COMPUTERS or %2% of distance traveled; Distance—1 mile 
or 2%; Course: 2°. 
COMPONENTS: 


Only the dependable accuracy of KEARFOTT Components have 
made the dependably accurate KEARFOTT Systems possible. 

KEARFOTT Components include Synchros, Servo Mofors, Tachom- Ca Fr Oo 

eters and computer assemblies. Their capability has been proved | 

by years of satisfactory service in airborne fire control, autopilot, 


radar and navigation systems. Write today for descriptive 
technical data. 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J.; Midwest Office: 23 W. Calendar Ave., La Grange, Ill.; 
South Central Office: 6211 Denton Drive, Dallas, Texas; West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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Elected to Associate Grade 


Carlson, Robert H., B.S. in Bus. 
Admin., Sales Engr., Waldorf Instrument 
Co., Div. of F. C. Huyck & Sons. 

Coates, Charles R., Jr., B.S. in Ae.E., 
Aero Research Engr., U. S. Naval Air 
Missile Test Center (Point Mugu). 

Conant, James D., M.A. in English 
Language and Lit., Asst. to Chief Engr., 
Airframe and Mech. Design, Northrop 
Aircraft, Inc. 

Cramer, Willis T., B. of Metallurgical 
Engrg., Staff Metallurgical Engr., Ameri- 
can Steel & Wire Div., United States 
Steel Corp. 

Eustis, Richard S., Jr., B.S., Field 
Engr., Pacific Scientific Co. 

Gibson, David J., B.S. in Math. & 
Physics, Tech. Engr., General Electric 
Co. (Lynn). 

Wensel, Harlan A., B.S. in Ac.E., 
Convair Div. (Ft. Worth), General 
Dynamics Corp. 


Transferred to Associate Grade 


Alves, Moses L., B.S. in Ae.E., Engr., 
Dynamics, North American Aviation, 
Inc. (Columbus). 

Attinello, Joseph J., B.S. in Ac.E., 
Assoc. Design Engr., Lockheed Aircraft 
Corp. (Burbank). 

Barber, Robert E., B.S. in M.E., Jr. 
Engr., United Aircraft Corp. (E. Hart- 
ford). 

Battey, Robert V., B.S. in Ae.E., 
Aerodynamics Engr., Convair Div. (Astro- 
nautics, San Diego), General Dynamics 
Corp. 

Beachler, John C., B. of Ae.E., Aero- 
nautical Engr., North American Aviation, 
Inc. (Columbus). 

Benenson, David M., Ph.D. in Ae.E., 
Research Engr., Research Labs., Westing- 
house Electric Co. (Pittsburgh). 

Bennet, Robert M., B.S. in M.E., 
Aero. Research Engr., NACA (Langley 
Field). 

Benthul, Harless R., B.S. in Ae.E., 
Lt., Maintenance Supvr., SAC, USAF 
(Biggs AFB). 

Bialla, Paul H., B.S. in Ae.E., Assoc. 
Engr., Douglas Aircraft Co., Inc. (Santa 
Monica). 

Bithell, Robin A., B.S. in Ae.E., Aero. 
Research Engr., Ames Aero. Lab., NACA, 
(Moffett Field). 

Carpenter, Stanley H., B.S. in Engrg., 
Maj., Exec. Officer, U. S. Marine Corps. 
(Edenton). 

Clement, Darrell L., Assoc. Engr., 
McDonnell Aircraft Corp. 

Coleman, Ronald S., B.S. in M.E., 
Research Engr., Intern, Lewis Flight 
Propulsion Lab., NACA (Cleveland). 

Consalvo, Dante V., B.S. in Ae.F., 
Devel. Engr., H. K. Porter, Inc. 

Cooper, Donald L., B.S. in Ae.E., 
Assoc. Engr., McDonnell Aircraft Corp. 

Crafton, Robert S., Assoc. Engr., 
Convair Div. (Astronautics, San Diego), 
General Dynamics Corp. 

Cravens, Rodney P., B.S. in Ae.E., 
Assoc. Design Engr., Convair Div. (Astro- 
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nautics, San Diego), General Dynamics 
Corp. 

Cummings, Benjamin E., M.S. in Ae.E., 
2nd Lt., Aero. Engr., Air Force Flight 
Test Center, USAF (Edwards AFB). 

Davis, Richard L., B.S. in Ae.E., Design 
Engr., Cessna Aircraft Corp. 

DeLuca, Patrick J., B.S. in Ae.E., Sr. 
Stress Analyst, Emerson Electric Mfg. 
Co. 

Douglas, J. R., B.S. in Ae.E., Capt., 
Proj. Engr., USAF (Kirtland AFB). 

Dunlap, Duane F., B.S. in Ae.E., 
Assoc. Engr., Convair Div. (San Diego), 
General Dynamics Corp. 

Erickson, John W., B. of Ae.E., Assoc. 
Engr., Aerophysics, Convair Div. (San 
Diego), General Dynamics Corp. 

Estol, Conrado J., B.S. in Ae.E. 

Farrell, John F., Jr., B.S. in Ae.E., 
Assoc. Engr., Arma Div., American 
Bosch Arma Corp. 

Fenning, Robert D., B.S. in Aviation 
Tech. 

Frahm, James R., B.S. in M.E., Engr. 
“1,” Aircraft Nuclear Prop. Dept., General 
Electric Co. (Evendale). 

Fromme, Charles F., Jr., B. of Ae.E., 
2nd Lt., Maintenance Officer, Aero. 
Repair Branch OIC, USAF (March AFB). 

Fulton, James P., B.S. in Ae.E., Weight 
Control Engr., Douglas Aircraft Co., Inc. 
(Tulsa). 

Grunz, Richard H., Assoc. Engr., The 
Martin Co. (Denver). 

Hall, Donald A., Jr., B.S. in Engrg., 
Jr. Engr., Ryan Aeronautical Co. 

Hanks, Richard A., B. of Ae.E., Assoc. 
Research Engr., Boeing Airplane Co. 

Hansen, John C., B.S. in Ae.E., Asst. 
Engr., United Aircraft Corp. 

Harmon, Roland F., Jr., B.S. in Ae.E., 
Detail Engr., Cessna Aircraft Co. 

Hartofilis, Stavros A., B.S. in Ae.E., 
Assoc. Engr., The Martin Co. 

Holgren, Marvin A., B.S. in Ae.E., 
Lt., Maintenance Officer, NAS, U. S. 
Navy (Alameda). 

Honeywell, Earl E., B.S. in Ae.E., 
Aerodynamics Engr., Convair Div. 
(Pomona), General Dynamics Corp. 

Hutchinson, Rodney B., Assoc. Engr., 
Convair Div. (Astronautics, San Diego), 
General Dynamics Corp. 

Kastner, Thomas M., M.S. in Ae.E., 
Lt., Aviator, Aircraft Maintenance 
Officer, U.S. Navy (U.S.S. “‘Essex’’ ). 

Kolacz, Paul A., B.S., in Ae.E., Assoc. 
Engr., Northrop Aircraft, Inc. 

Kottock, Stanley, B.S. in Ae.E., Assoc. 
Engr., Douglas Aircraft Co., Inc. (Los 
Angeles). 

Kutschenreuter, Paul H., B. of Ae.E., 
2nd Lt., Engr., ARDC U. S. Air Force, 
(Wright-Patterson). 

Ladden, Richard M., B.S. in Ae.E., 
Engr., Propeller Div., Curtiss-Wright 
Corp. (Caldwell). 

Lewellen, William S., B.S. in Ae.E., 
Graduate Student, Cornell Univ. 

Lewis, Clarence A., Jr., B.S. in Ae.E., 
Jr. Engr., Curtiss-Wright Corp. 


Mallick, Donald L., B.A. in N.E., Acro. 
Research Pilot, NACA (Langley Field). 

McCoy, John C., B.S. in Ae.E., Lt., 
Graduate Student, U.S. Navy, Cali- 
fornia Institute of Technology. 

McKenna, Charles M., Jr., B.S. in 
Ac.E., Assoc. Research Engr. ‘‘A,’’ Boeing 
Airplane Co. 

Ness, Mahion, :; B.S. in Ae.E., Assoc. 
Engr., Lockheed Aircraft Corp. (Bur- 
bank). 

Neville, Thomas J., Capt., Aero. Engr., 
Arnold Engineering Development Center, 
USAF (Tullahoma). 

Novicki, John G., B.S. in Ae.E., Engr., 
Pratt & Whitney Aircraft Div., United 
Aircraft Corp. 

Nowlin, William D., B.S. in Ae.E,, 
Assoc. Engr., The Martin Co. (Orlando). 

Olsen, Paul T., Tech. Asst., Bell Tele- 
phone Laboratories (Whippany ). 

Pasyanos, Emanuel N., B.S. in Ac.E., 
Aero. Engr., Grumman Aircraft Engincer- 
ing Corp. 

Paulson, Richard R., B.S. in Ae.E., 
Assoc. Engr., Flight Test, Lockheed Air- 
craft Corp. (Burbank). 

Pestrichella, Alex A., B.S. in Ae.E., 
Lt., Aircraft Maintenance Officer, USAF 
(Chanute AFB). 

Peterson, Charles N., B.S. in Ae.E., 
Engrg. Trainee, Missile Operations, 
Chrysler Corp. 

Pritchard, Edgar B., B.S. in Ae.E,, 
Graduate Student, Virginia Polytechnic 
Institute. 

Rae, William H., Jr., B.S. in Ae.E., 
Asst. Supvr., Wind Tunnel, Univ. of 
Washington. 

Richards, Homer K., Jr., B.S. in Ac.E., 
Lt., Heavy Attack Pilot, U.S. Navy 
(Whidbey Island). 

Rigalo, Donald J., B.S. in Ae.E., Staff 
Member, Sandia Corp. 

Riviere, Rene R., B.S. in M.E., Assoc. 
Engr., Northrop Aircraft, Inc. 

Ross, Thomas H., B.S., Lt., Naval 
Aviator, U. S. Navy (Albuquerque). 

Shutak, Robert J., B.S. in Aviation 
Tech., Student Trainee, Republic Steel 
Corp. 

Siegele, Dale H., B.S. in Ae.E., Assoc. 
Engr., Douglas Aircraft Co., Inc. (Santa 
Monica). 

Smith, Kenneth W., Jr., B.S. in Ae.E., 
Assoc. Windtunnel Engr., Northrop Air- 
craft, Inc. 

Sperling, Harvey, B.S. in Ae.E., Jr. 
Power Plant Design Engr., Grumman 
Aircraft Engineering Corp. 

Spitler, James K., B.S. in Ae.E., Assoc. 
Analytical Engr., Piasecki Aircraft Corp. 

Study, Jon A., B.S. in Ae.E., Jr. Engr., 
Bendix Aviation Corp. 

Suski, Victor A., B.S. in Ae.E., Aero- 
dynamics Engr., North American Aviation 
Inc. (Columbus). 

Tannen, Peter D., B.S. in Ae.E., Lt., 
Asst. Maintenance Officer, USAF (Har- 
lington). 

Titus, Arthur J., Jr., B.S. in Ae.E., 
Stress Analyst, Continental Aviation & 
Engineering Corp. 

(Continued on page 153) 
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TEMPERATURE’S 
RIGHT FOR THE 
CESSNA’S FLIGHT! 


Temperatures made to order for all 
types of aircraft engines. Harrison 
heat exchangers are rugged, reliable 
and compact... engineered to 

provide the optimum in cooling efficiency, 


Harrison-Cooled Cessna, Fully Loaded, 
Climbs 415 Feet Per Minute On One Engine! 


Ready for take-off . . . and Harrison’s ready to take care of 
the heat! This ultra-modern Cessna 310-B, with a host of 
new safety features, relies on Harrison oil coolers for sure, 
dependable temperature control. Harrison heat exchangers are 
compact, lightweight to save space and increase payload. 
They’re specially designed to do the job and do it better. And 
Harrison’s on every type of aircraft, from supersonic jets to private 
planes. You can count on Harrison, with over 47 years in the 
manufacture of heat-control equipment, for a top-quality product. 


If you have a cooling problem, look to Harrison for the answer. 


TE. 


S Mave ro ORDEF 


HARRISON RADIATOR DIVISION e GENERAL MOTORS CORPORATION e LOCKPORT,N.Y. 
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4 


A 


HEAT-FIRE DETECTION Zone type (left) for all-over detec- 
tion. Gives an overheat danger signal and fire alarm. No 
tubes, no resetting after a fire. Spot type (right) for specific 
locations—set from minus 65 to plus 1000 degrees F. 


PUSH-BUTTON FIRE EXTINGUISHING SYSTEM Uses 
CF;BR, CF.BR2, CB, MB, or COe...pressurized in spheres 
of strong, lightweight steel. System manually operated by 
pilot. Discharges in a fraction of a second. 


AUXILIARY POWER SYSTEMS Lightweight, monofuel sys- 
tems for guided missiles, piloted aircraft. Turbine driven 
with horsepower of up to 200; supplies regulated power at 
mean altitudes of 40,000 feet and more. 


FIBERGLASS SHATTERPROOF AIR-STORAGE SPHERES 
Pressurized air containers—strong enough to handle pres- 
sures up to 5,000 psi, yet 40% lighter than steel. Available 
in volumes of from 50 to 5,000 cubic inches. 


FOR AIRCRAFT: EXTRA SAFETY, EXTRA POWER 
WITH PRECISION PRODUCTS BY KIDDE! 


Leaders in the aircraft safety, auxiliary 
power and pneumatic system fields, Kidde 
now Offers a wide range of precision products 
combining the advantages of light weight 
with dependable operation. More than 95% 
of the aviation fire extinguishing systems 
installed on U.S. planes are Kidde-built. 
Kidde’s auxiliary power systems are finding 
wide use on both guided missiles and high 


performance aircraft. And Kidde air com- 
pressors and pneumatic power systems are 
used by Boeing, Fairchild, Lockheed, North 
American, Republic, Douglas, Convair, Avro. 
If you have a safety, pneumatic or secondary 
power problem, Kidde’s advanced engineer- 
ing staff will develop, test and manufacture 
equipment to meet your exact specifications. 
Call or write Kidde today. 


Walter Kidde & Company, Inc., Aviation Division 
1111 Main Street, Belleville 9, N. J. 


Kidde © 


District Sales Engineering Offices: Dallas, Tex.—Dayton, Ohio—St. Louis, Mo.—Seattle, Wash.—Van Nuys, Calif.—Washington, D. C. 


Walter Kidde-Pacific, Van Nuys, California © Walter Kidde & Company of Canada Ltd., Montreal 
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Tuts SECTION reviews important period- 
icals, technical and research reports, and 
books received in the [AS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL  AB- 
sTRACTS, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the [TAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


A list of the periodicals and reports 
series received in the IAS Library is pub- 
lished semiannually, in the January and 
July issues. 


The AERONAUTICAL ENGINEERING IN- 
DEX, published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the LAS Membership. 
They are not for sale but are made 
available through the 
the Library. 


facilities of 


Institute 
Individual and 
may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those publications that 
may be purchased. 


SERVICES: 
members, both 
Corporate, 


LENDING 


Puotocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 


Al Guide to the Current Literature of 
Aeronautical Research and Engineering 


AND 
INTERNATIONAL AERONAUTICAL ABSTRACTS. 97 


Subject Index to Periodicals & Reports 


Acoustics, Sound, & Noise......... 


Aerodynamics 


Aerothermodynamics. . 
Boundary Layer................. 
Control 
Fluid oe & Aerodynamic 


Internal 
Performance..... 
Stability & Control. . 
Wings & Airfoils.......... 
Aeroelasticity.......... 
Aeronautics, General..... 
Air Transportation. . 
Airplane Design. 
Airports. . 
Aviation Medicine... . 


Computers. . 


Education & Training... 

Electronics. . 
Amplifiers. . 


Communications... ... 
Construction Techniques. 
Dielectrics....... 
Electronic Tubes........ 
Magnetic Devices. 
Measurements & Testing. . 
Noise & Interference........... 
Oscillators & mans Generators. . 
Radar. ... 
RESIStONS. 
Semiconductors. . . 
Telemetry. . 
Transmission Lines. . 
Wave Propagation. . 

Equipment..... 
Hydraulic & Pneumatic. . 

Flight Operating Problems. . 

Fuels & Lubricants... .. 

Automatic Control... . 
Flight Instruments. . 
Flow Measuring Devices. . 
Pressure Measuring Devices....... 
Stress & Strain Measuring Devices. 
Temperature Measuring Devices. . . 
Vibration Measuring Devices... .. 


Laws & Re 
Machine Elements. 


Corrosion & Protective Coatings. . 
Metals & Alloys, 
Nonmetallic Materials. . 

Mechanics............. 

Military Aviation & Armament. 

Missiles. 

Navigation. . 

Electronic Aids. . 

Nuclear Energy. . 

Parachutes. 

Photography. .... 

Physics............. 

Power Plants... 

Jet & Turbine.......... 
Ram-Jet & Pulse-Jet. 
Rockets. . 

Production....... 
Metalworking....... 

Production Engineering... 


Refueling in Flight. 
Rotating Wee Aircraft. . 
Safety. . 
Space Travel 
Structures. . 
Bars & Rods. . 
Beams & Columns..... 
Cylinders & Shells...... 
Elasticity & 
Plates. . 
Sandwich Structures. . 
Testing. . 
Thermal Stress. . 
Thermodynamics....... 
Combustion. . . 
Heat Transfer. . 


VTOL & STOL.. 


Wind Tunnels & Research Facilities. . . 


eronautical Keviews 
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132 
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Acoustics, Sound, & Noise 


Hushing the Jet. Alex 
Flying, Aug., 1957, pp. 30, 92. 

Control of Airborne Sound by Barriers. 
Jack B. C. Purcell. Noise Control, July, 
1957, pp. 20-26, 56, 58. 

Boundary Losses Associated with 
Acoustical Streaming. T. F. Hueter. 
ASA J., June, 1957, pp. 735-738. 11 
refs. Theoretical and experimental inves- 
tigation of the change in character occur- 
ring in the acoustic streaming in the 
boundary-layer region around a thermo- 
couple wire with increasing Reynolds 
Number. 

Effect of Heat Radiation on Sound 
Propagation in Gases. P. W. Smith, Jr. 
ASA J., June, 1957, pp. 693-698. 13 
refs. Reexamination of the effect after 
considerable modification of the classical 
analysis. Account is taken of the fact 
that a gas radiates energy of a given elec- 
tromagnetic wavelength in proportion to 
its corresponding coefficient of absorption, 
which is a strongly varying function of 
wavelength with a number of isolated 
peaks. 

Control of Noise by Sound-Absorbent 
Materials. T. Mariner. Noise Control, 
July, 1957, pp. 11-19, 54. 11 refs. 

Reflection and Refraction of Acoustic 
Waves by a Shock Wave. J. Brillouin. 
(Acustica, No. 3, 1955, pp. 149-163.) 
U.S., NACA TM 1409, July, 1957. 42 
pp. Calculation of the characteristics of 
acoustic waves (reflected or refracted ac- 
cording to whether the incident waves lie 
in the region of super- or subpressure) and 
thermal waves, for a plane, progressive, 
and uniform incident wave. 

Screen-Type Noise Reduction Devices 
for Ground Running of Turbojet En- 
gines. Willard D. Coles and Warren J. 
North. U.S., NACA TN 4033, July, 
1957. 23 pp. Investigation to deter- 
mine the feasibility of several devices 
which might improve the characteristics 
of the screen-type noise suppressor. 

Les Applications Industrielles des Ultra- 
Sons. Jean Palmé. Soc. Ingr. Civ. France, 
Mem., May-June, 1957, pp. 174-193. 
14refs. In French. Discussion of various 
applications of ultrasonics. 

Sur la Structure du Champ Sonore des 
Turbo-Réacteurs. M. Kobrynski. La 
Recherche Aéronautique, May-June, 1957, 
pp. 29-35. In French. Study of the 
structure of the acoustic field generated 
by turbojets. 


Dawydoft. 


Aerodynamics 


Aerothermodynamics 


Engineering for the High Temperature 
Age of Flight. I. Frederick L. Bagby. 
Astronautics, Aug., 1957, pp. 50-53, 98, 
100, 101. Discussion of heat problems in 
high-speed flight vehicles and ways of 
meeting them. 

On Turbulent Flow and Eddy Heat 
Transfer Diffusivity in a Pipe. Raui R. 
Hunziker and José S. Florio. J. Aero. 
Sct., Oct., 1957, pp. 782-784. 15 refs. 
OSR-sponsored analysis showing that the 
use of Pai’s polynomial distributions al- 
lows a consistent determination of the 
eddy diffusivity for heat e7 = aeyy on the 


basis of the ‘‘momentum transfer theory”’ 
and with a minimum of assumptions. 

A Review of Theoretical Work Relevant 
to the Problem of Heat Transfer Effects 
on Laminar Separation. G. E. Gadd. 
Gt. Brit., ARC CP 331 (June 13, 1956) 
1957. 5 pp. BIS, New York, $0.24. 
Survey of various theories which show 
agreement in predicting that wall tem- 
perature has an important influence on 
separation conditions 

Kinetic Heating in Aircraft and Guided 
Missile Structures; Metropolitan-Vickers 
System for Laboratory Simulation. \/etal- 
lurgia, Aug., 1957, pp. 81, 82. 


Boundary Layer 


Experimental Pitot-Pressure Profiles of 
Supersonic Laminar Boundary Layer in a 
Weak Adverse Pressure Gradient. Eugene 
A. Racicot. J. Aero. Sci., Oct., 1957, pp. 
779, 780. 

Boundary-Layer Transition on a 10° 
Cone at Mach Number 2.81 as Affected by 
Extreme Cooling. E.R. van Driest and 
W. D. McCauley. J. Aero. Sci., Oct., 
1957, pp. 780, 781. OSR-supported re- 
search. 

Turbulent Boundary-Layer Effects on 
Base Pressure. [F'redG.Hayos. J. Aero. 
Sci., Oct., 1957, pp. 781, 782. Discussion 
to demonstrate the importance of the 
usually neglected base-pressure variation 
with Reynolds Number when a turbulent 
boundary layer exists at the base, and to 
present a means of accounting for this 
effect. 

Influenza di un Vento Laterale Sullo 
Strato Limite di Corrente Compressibile 
ad alta Velocita che Investe un Ostacolo 
Cilindrico (Ala in Deriva o a Freccia). 
Aldo Castagno. (L’Aerotecnica, Fasc. 3, 
1956.) Torino Polytech. Inst., Aero. Lab. 
Monograph 402, 1957, 8 pp. In Italian. 
Study of the side-wind influence on the 
boundary layer of a cylindrical body in a 
high-speed compressible stream. The ve- 
locity and viscous stress distributions are 
calculated for a flat plate and for the 
general case of an airfoil with possible 
boundary layer separation. 

Laminar Boundary Layers at the Inter- 
face of Co-Current Parallel Streams. 
O. E. Potter. Quart. J. Mech. & Appl. 
Math., Aug., 1957, pp. 302-311. Exten- 
sion of Keulegan’s solution for the steady 
flow of a stream of viscous, iacompressible 
fluid over another at rest, to the case where 
both fluids are moving co-current but at 
different velocities 

Boundary Layer Control for High Lift 
and Low Drag. G.V. Lachmann. SLAE 
J., July, 1957, pp. 10-13. Discussion of 
the mechanics of the boundary layer and 
the principles of boundary-layer control. 


Control Surfaces 


Control Surfaces Restrained by Viscous 
Friction as a Means of Damping Aircraft 
Oscillations W. J. G. Pinsker. Gt. Brit. 
ARC R&M 2962 (Feb., 1953) 1957. 
26 pp. BIS, New York, $1.35. Method 
for controlling the phase of the free motion 
of control surfaces by viscous friction and 
geared masses. 

The Subsonic Static Aerodynamic Char- 
acteristics of an Airplane Model Having a 
Triangular Wing of Aspect Ratio 3. III 
Effects of Trailing-Edge Flaps. Bruce FE. 


1957 


Tinling and A. V. Karpen. 
TN 4043, July, 1957. 37 pp. 
Estimation of Incremental Pitching Mo- 
ments Due to Trailing-Edge Flaps on 
Swept and Triangular Wings. Appendix 
A—Use of the Basic Load Line as the 
Reference Sweep Line for Determining 
Local Centers of Pressure. Appendix B— 
Sample Calculations for an Aspect-Ratio-2 
Triangular Wing with a Full-Span, Con- 
stant-Chord, Plain Flap Deflected 10°. 
Harry A. James and Lynn W. Hunton, 
U.S., NACA TN 4040, July, 1957. 31 
pp. 80 refs. Method employing the 
span-loading theory together with two- 
dimensional airfoil data adjusted for the 
effects of sweep, with applications demon- 
strated for 58 cases covering various types 
of flaps on wings having a wide range of 
sweep, aspect ratio, and taper ratio. 


U.S., NACA 


Fluid Mechanics & Aerodynamic Theory 


Noise, Vibration, and Measurement 
Problems, Resulting from Fluid-Flow 
Disturbances. Appendix I—Pulse Am- 
plitudes in Piping. Appendix II—Flow 
Measurements Errors Due to Pulsating 
Gas Pressure. Appendix III—Sound- 
Wave Radiation From a Vibrating Sur- 
face. R. L. Solnick and R. H. Bishop. 
Trans. ASME, July, 1957, pp. 1,043- 
1,055. 14 refs. Presentation of  for- 
mulas to predict amplitude and frequency 
of disturbance, description of instrumenta- 
tion used for detecting disturbances, dis- 
cussion of the detrimental effects of flow 
disturbances, and development of a 
method for attenuating disturbances or 
eliminating their effects. 

Issledovanie Traektorii Kruglykh Tuz- 
bulentnykh Strui, Razvivaiushchikhsia v 
Ogranichennom Poperechnom Potoke. 
Iu. V. Ivanov, Iu. E. Saar, and Kh. N. 
Sui. AN SSSR Otd. Tekh. Nauk Izv., 
Mar., 1957, pp. 159-162. In Rtssian. 
Study of the trajectory of circular turbu- 
lent streams developing in a bounded per- 
pendicular stream. 

Experiments on the Slow Swirling Flow 
of a Viscous Liquid Through a Tube. 
A. M. Binnie. Quart. J. Mech. & Appl. 
Math., Aug., 1957, pp. 276-290. Investi- 
gation of the nature of the flow pattern 
when swirling water passes slowly through 
a long, straight, transparent tube. A 
short length at the middle of the tube is 
caused to revolve, and through holes in 
this portion the water is admitted under 
gravity. 

Prilozhenie Teorii Vintovogo Dvizheniia 
Zhidkosti k Zadache ob Istechenii Cherez 
Otverstie s Obrazovaniem Vozdushnoi 
Voronki. O. F. Vasil’ev. AN SSSR 
Otd. Tekh. Nauk Isv., Mar., 1957, pp. 
108-114. In Russian. Application of 
the theory of vortex motion of a liquid to 
the problem of flow through an orifice 
with eddy formation. 

Ob Issledovanii Nezatoplennykh Strui 
Metodom Skorostnoi Kinos’emki. Kk. 
G. Asatur and V. I. Geront’ev. AN 
SSSR Otd. Tekh. Nauk Isv., Mar., 1957, 
pp. 164-167. In Russian. Study of the 
motion of liquids by means of high-speed 
photography. 

The Performance of an Axial-Flow 
Pump. E. A. Spencer. JME Proc., No. 
25, 1956, pp. 874-883. 17 refs. Test 
results on a pump with the impeller and 
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aggressor wants to pose his Like Jove, 
god of the skies, the Navy's *Anti-Submarine Warfare tech- 
“ nigues will be pois d to seek and sink that threat . . . with a com- 
plete electronie search, track and kill package especially 
designed for the aircraft and the mission. > > For economical 
and operational efficiency, the LMEE “Tri-A” (Advanced Air- 
borne ASW*) system will fill a true Jove-like function... in 
seeking the aggressor .. . and as a thunderbolt in destroying it. 
_® » this is only one of many LMEE advancements in sonobuoys, 
: displays ond search systems. Along with the development and 
production sections in Utica, its Advanced Electronics Center at 
Ithaca, New York, is making important contributions to passive 
systems studies. Coordination between LMEE engineers and 
Naval research scientists can wipe out tactical advantages the 
submarine has traditionally enjoyed. Write Department E. 


AVIATION ELECTRONICS PRODUCTS INCLUDE 


; WEAPONS CONTROL RADAR * SEARCH RADAR * INDICATORS AND DISPLAY 
COUNTERMEASURES * NAVIGATION MISSILE CONTROL ~ AIRBORNE SONAR 
COMMUNICATIONS + FUZES + AUTOMATIC TEST *° DATA PROCESSING 


Progress le Que Mest Important Prodvct 


GENERAL ELECTRIC 


LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT 
: FRENCH ROAD, UTICA, NEW YORK 


ry 

. isa y need in protecting our nation’s supply lines. 
££ A DEPARTMENT OF THE DEFENS ECTRONIC TEAM 
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guide blades designed for free vortex con- 
ditions, using as a basis the modified air- 
foil theory. The best overall efficiency 
obtained is 82 per cent. In addition to 
head-flow and efficiency characteristics, 
measurements are made of velocities and 
yaw angles within the pump. 

Motion of Newtonian Liquid Between 
Rotating Coaxial Cylinders in the Pres- 
ence of Thermal Processes Affecting the 
Viscous Properties. T. la. Gorazdovskii 
and S. A. Regirer. Sov. Phys. - Tech. 
Phys., No. 7, 1957, pp. 1,493-1,502. 18 
refs. Translation. 

Caractéristiques des Pompes Centri- 
fuges Avec les Liquides Visqueux. André 
Missenard. Soc. Ingr. Civ. France, Mem., 
May-June, 1957, pp. 200-209. In French. 
Analysis of characteristics of centrifugal 
pumps operating with viscous liquids. 

The Effect of Blunting the Nose of a 
Flow Angularity Cone with 30° Included 
Angle. Robert J. Guthrie. USAF AEDC 
TN 57-22 {AD 131410], July, 1957. 53 
pp. Calibration of two nearly identical 
flow-angularity cones with 30° included 
angle at Mach Numbers of 2.0, 3.1, and 
3.5 over an angle-of-attack range from 
+2.5° to —2.5°. The slope is deter- 
mined experimentally for several config- 
urations differing in the degree of cone 
bluntness. 

Two-Dimensional, Steady, Cavity Flow 
About Slender Bodies in Channels of Finite 
Breadth. Hirsh Cohen and Robert Gil- 
bert. (ASME Annual Meeting, New 
York, Nov. 25-30, 1956, Paper 56-A-29.) 
J. Appl. Mech., June, 1957, pp. 170-176. 
Analysis employing the linearized theory 
of Tulin. The free-boundary condition is 
linearized and boundary conditions are ap- 
plied on the line of symmetry of the flow 
in analogy with thin airfoil theory. A 
singular integral equation formation of 
the boundary-value problem is obtained 
and can be solved to yield expressions for 
cavity length, maximum cavity width, 
and drag coefficient—all as functions of 
the cavitation number channel 
breadth. 

Obtekanie Ellipsov Potokom Gaza so 
Skorost’iu Zvuka. P.I. Chushkin. AN 
SSSR Dokl., Mar. 21, 1957, pp. 517-519. 
In Russian. Calculation of the sonic flow 
past elliptical bodies. 

Otryvnoe Obtekanie po Skheme Kirkh- 
gofa Odnogo Semeistva Krivykh v 
Ogranichennom Potoke. G. N. Pykhteev. 
AN SSSR Dokl., Mar. 21, 1957, pp. 513- 
516. -In Russian. Study of the Kirchhoff 
discontinuous bounded flow past a family 
of curves. 

The Effect of a Spike Protruding in 
Front of a Bluff Body at Supersonic 
Speeds. D. Beastall and J. Turner. Gt. 
Brit., ARC R&M 3007 (Jan., 1952) 1957. 
26 pp. BIS, New York, $1.44. Test re- 
sults which indicate that drag of a cylin- 
der is reduced by the presence of a stem 
and conical nose piece projecting ahead of 
it. Certain nose pieces and stems cause 
some main flow unsteadiness; this tend- 
ency for the onset of unsteadiness de- 
creases with increasing cone angle of the 
nose piece. 

Supersonic Drag of Spheres at Low 
Reynolds Numbers in Free Flight. Al- 
bert May. J. Appl. Phys., Aug., 1957, 
pp. 910-912. USAF-sponsored  descrip- 
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tion of the experimental method used in 
securing the desired data. 

Achievement of High Heat Fluxes in a 
Wind Tunnel. Antonio Ferri and Martin 
H. Bloom. J. Aero. Sci., Oct., 1957, pp. 
772, 773. WADC-sponsored discussion 
of the use of the ‘‘shroud method” for in- 
vestigating hypersonic flow phenomena at 
high Reynolds Numbers and with rela- 
tively large models, in connection with the 
pebble-heater air supply of the Polytech- 
nic Institute of Brooklyn. 

Sidewall Influence on Oblique-Shock 
Pressure. R. H. Page. J. Aero. Sci., 
Theoretical and 
experimental verification of the idea that 
thick sidewall boundary layers exert very 
little influence on the shock relationships 
if their mass and momentum defects are 
small. 

O Perednei Granitse Kavitatsionnoi 
Oblasti. I. G. Portnov. AN SSSR Otd. 
Tekh. Nauk Izv., Mar., 1957, pp. 99-107. 
In Russian. Study of the stability of the 
stationary temperature field in moving 
media, and application of results to the 
study of cavitation flows. 

O Tolshchine Zony Turbulentnogo 
Smesheniia na Granitse Dvukh Strui 
Raznoi Skorosti, Temperatury i Mole- 
kuliarnogo Vesa. G. N. Arbamovich. 
AN SSSR Otd. Tekh. Nauk Isv., Mar., 
1957, pp. 156-158. In Russian. Study 
of the structure of the turbulent-mixing 
zone on the boundary between two streams 
of different velocity, temperature, and 
molecular weight. 


Internal Flow 


Three-Dimensional Motion in Axial- 


Flow Impellers. S. P. Hutton. JME 
Proc., No. 25, 1956, pp. 863-8738. 21 refs. 


Investigation of three-dimensional effects 
in simple low-pressure impellers to ascer- 
tain whether existing theories should be 
modified to allow for them, or a new 
theory developed to predict performance 
more accurately under three-dimensional 
conditions. 

Etude Expérimentale des Ecoulements 
Pulsatoires dans une Prise d’Air Super- 
sonique. Jacques Nicolas. La Recherche 
Aéronautique, May-June, 1957, pp. 23-28. 
In French. Experimental study of pulsat- 
ing flow in a supersonic air intake. 

Theoretical Analysis of Incompressible 
Flow Through a Radial-Inlet Centrifugal 
Impeller at Various Weight Flows. James 
J. Kramer, Vasily D. Prain, and Chung- 
Hua Wu. U.S., NACA Rep. 1279, 1956. 
16 pp. 16 refs. Supt. of Doc., Wash., 
$0.25. 

Two-Dimensional Inflow Conditions for 
a Supersonic Compressor with Curved 
Blades. Philip Levine. (ASME Annual 
Meeting, New York, Nov. 25-30, 1956, 
Paper 56-A-49.) J. Appl. Mech., June, 
1957, pp. 165-169. 

A New Approach to the Theory of Thin, 
Slightly Cambered Profiles. F. S. Wei- 
nig. (ASME Annual Meeting, New York, 
Nov. 25-30, 1956, Paper 56-A-33.) J. 
Appl. Mech., June, 1957, pp. 177-182. 

Point Source and Point Vortex in the 
Hodograph Plane. H. Poritsky and R, 
A. Powell. (ASME Annual Meeting, 
New York, Nov. 25-30, 1956, Paper 56-A- 
78.) J. Appl. Mech., June, 1957, pp. 
183-190. 12 refs. 


1937 


Consideratii Asupra Fenomenului Hi- 
draulic in Zona de Trecere de la Rotor la 
Tubul de Aspiratie, la Turbine. A. Bar- 
glazan. Stud. Cerc. Stiint., Jan.-June, 
1956, pp. 77-84. In Rumanian, with 
summaries in French and Russian. Study 
of the hydraulic phenomena occurring in 
the transition zone between the rotor and 
the turbine pump. 

Contributii la Studiul Pierderilor de 
Sarcina in Tuburile de Aspiratie la Tur- 
bine. A. Barglazan. Stud. Cerc. Siint., 
Jan.-June, 1956, pp. 69-75. In Ruma- 
nian, with summaries in French and Rus- 
sian. Study of pressure losses in turbine 
pumps. 

Effect of the Volute on Performance of 
a Centrifugal-Pump Impeller. R. D. 
Bowerman and A. J. Acosta. (ASME 
Semi-Annual Meeting, Cleveland, June 17- 
21, 1956, Paper 56-SA-45.) Trans. 
ASME, July, 1957, pp. 1,057-1,069.  In- 
vestigation using a single impeller with 
three different sets of volute vanes. The 
results show that, at their respective de- 
sign flow rates, the influence of the volutes 
is least and the deviation of performance 
from the free-impeller operation is small, 

Effect of Adverse Pressure Gradients on 
Turbulent Boundary Layers in Axisym- 
metric Conduits. J. M. Robertson and 
J. W Holl. (ASME Annual Meeting, 
New York, Nov. 25-30, 1956, Paper 56-A- 
25.) J. Appl. Mech., June, 1957, pp. 
191-196. 

Pressure Drop and Flow Characteristics 
of Short Capillary Tubes at Low Reynolds 
Numbers. Frank Kreith and Raymond 
Eisenstadt. (ASME Semi-Annual Meet- 
ing, Cleveland, June 17-21, 1956, Paper 
56-SA-15.) Trans. ASME, July, 1957, 
pp. 1,070-1,074; Discussion, pp. 1,074- 
1,077; Author’s reply, pp. 1,077, 1,078. 
12 refs. 

Minor Losses in Metering Nozzles. I, 
II, WI. T.H. Redding. The Engr., July 
5, 12, 19, 1957, pp. 4-7; 41-44; 76-79. 
Comparison of the geometry and flow 
characteristics of two series of parallel- 
throated nozzles used for metering (ASME 
and ISO metering nozzles). A _ general 
equation is used to evaluate and discuss 
probable values for the minor energy-loss 
factors, which define the extent to which 
irreversible work is done by the fluid in 
the course of its passage through the 
nozzle. 

O Postroenii Ploskogo Sopla po Raspre- 
deleniiu Sverkhzvukovykh Skorostei Vdol’ 
Stenok. G.A. Dombrovskii. AN SSSR 
Otd. Tekh. Nauk Izv., Mar., 1957, pp. 
163, 164. In Russian. Evaluation of the 
design of a plane nozzle taking into ac- 
count the supersonic velocity distribution 
along the walls. 


Performance 


Some Results of Comparison of Model 
and Full-Scale Spinning Tests. A. J. 
Marx. (NATO AGARD Wind-Tunnel 
and Model-Testing Panel Meeting, Rome, 
Feb. 20-25, 1956.) NATO AGARD Rep. 
26, Feb:, 1956. 9 pp. Investigation 
using the Fokker S-11 preliminary trainer. 

The Subsonic Static Aerodynamic Char- 
acteristics of an Airplane Model Having a 
Triangular Wing of Aspect Ratio 3. I 
Effects of Horizontal-Tail Location and 
Size on the Longitudinal Characteristics. 

(Continued on page 115) 
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ROM TOUCHDOWN TAKE-OFF 


‘hen landing, taking off or just taxi- 
»g, safety depends upon the unfailing 
hamwork of everything that makes up 
the landing gear system. 

Retractor actuation, control valves, 
hose wheel steering, power braking, as 
well as wheels, brakes and _ shock- 
tbsorbing struts—even tires—these are 
the things that make up the complete 


Bendix sivisiox South Bend, wo. 


landing gear system. And it is vital that 
all components function together with 
split-second accuracy and efficiency. 
That is why Bendix* specializes in 
complete and integrated landing gear 
systems. For, components that have 
been designed and engineered to work 
together give better and more depend- 
able performance than any arbitrarily 


WITH AN INTEGRATED BENDIX LANDING GEAR SYSTEM 


assembled system. The components of 
a Bendix landing gear system are 
engineered as a matched set, then 
tested and tuned to work together like 
a trained crew. 

So, when it comes to gear for landing, 
think and plan in terms of a complete 
landing gear system. Then we suggest 
you think of Bendix and Bendix 


Products Division at South Bend, Ind. 
*TRADEMARK 


AVIATION CORPORATION 
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MINTATURE CONNECTORS 


».. the only miniature connector line fully conforming 
“to the “E” REQUIREMENTS OF MIL-C-5015C. 


Meet minniE—a complete line of miniature connectors with outstanding 
teliability features! The first miniatures to meet fully the ‘E” performance 


requirements of MIL-C-5015C, minniE’s are environmentally sealed to resist 


moisture and humidity; ruggedly built to resist shock and vibration; imagina- 
tively designed to provide application versatility. 


FEATURES 


. Environmentally sealed with unitized back end 
grommet. (Also available with provision for potting.) 
Either grommet seal or potted seal meets moisture 
resistance requirement of MIL-C-5015C, Paragraph 
4.5.21. 


2. Spring-loaded coupling ring provides a positive 
locking action in the bayonet slot, and a constant 
compensating force which eliminates the effects of 
resilient face seal compression set. 


ae 3. Stainless steel bayonet slots and pins reduce wear 
ig and frictional characteristics. The three pin bayonet 
coupling minimizes the rocking action of the mated 
plug and receptacle. 


Flattened incline angle of bayonet slots reduces 

mating force requirement. 

5. Hooded contacts resist test prod damage as defined 
in Paragraph 4.5.14 of Amphenol Specification 
340-43-2108. 

6. Unitized grommet seal; clamp and grommet form a 

single unit for ease of assembly and maintenance. 


7. Face seal gasket with individual barriers to isolate 
each contact. 


> 


8. Hard insert dielectrie (plus resilient face seal) posi- 
tively retains contacts with no possibility of con- 
tacts being pushed out of the insert. 


9. A visual full engagement indicator is included in the 
design to insure the user that he has fully engaged 
the connectors. The indicator is an orange line 

nee around the receptacle shell. 


e When using mated sealed connectors, no derating 

for altitude is necessary at 70,000 feet. 

Test voltage 1,500 volts RMS 70,000 feet on sealed 

connectors. 

e Vibration per Method 204 of MIL-Std-202A. 10 to 
2,000 cps at 20 g’s. 

e@ Temperature cycling range per MIL-C-5015C, Para- 
graph 4.5.3 increased to 257°F. maximum and 
—67°F. minimum. 


send COUPON for Complete Catalog 


AMPHENOL ELECTRONICS CORPORATION 1830 S. 54th Ave., Chicago 50, Illinois 
Please send me a copy of MINNIE catalog. 


COMPANY. 


NUMBER & STREET. 


CITY, ZONE & STATE 


AVAILABILITY: 


4 CONSTRUCTIONS: “E”, Potting, Jacketed Cabli 
Cable Clamp 

5 SHELL SIZES: 12, 14, 18, 20, 22 
17 INSERT ARRANGEMENTS: Up to 48 contacts; coal 
and hermetic seals also 
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the IAS Library. This research 


States Air Force. 


INT EORNATIONAL 
AERONAUTICAL ABSTRACTS 
A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by ‘#e IAS Staff from currently released material received in 
Office of Scientific Research, Air Research and Development Command, United 
The literature abstracted in this section is available through the lending or photo- 


copying services of the IAS Library, New York. 


was supported in whole or in part by the Air Force 


PUBLISHED MONTHLY BY THE AERONAUTICAL ENGINEERING REVIEW 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 
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ACOUSTICS, SOUND, & NOISE 


A NEW CONCEPT IN THE DESIGN OF JET 
ENGINE MUFFLERS AND TEST CELLS. E. J. 
Richards and D. J. Evans. RAeS J., Sept., 1957, 
pp. 619-630. 16 refs. Description of the concept 
which suggests that a relatively small spreader can 
be added behind a jet nozzle to change the shape of 
the jetfrom circu’ar to a long annular slot and thus 
to obtain a frequency rise suitable for reducing low- 
frequency noise. Since high-frequency noise is 
more easily attenuated than low-frequency noise, 
the possible resulting increase in the former does 
not significantly diminish the method's effective- 
ness. Tests are described on one particular ver- 
sion which gives an attenuation in the low-frequen- 
cy range of 20 db. It is shown that the back pres- 
sure on the engine is negligible, even with a cooling 
flow equal to the mass flow. Other applications are 
discussed and tested, while suggestions for full- 
scale installations are made. 


AERODYNAMICS 
Aerothermodynamics 


TURBULENT TRANSPORT OF HEAT AND MO- 
MENTUM FROM AN INFINITE ROUGH PLANE, 
T. H. Ellison, J. Fluid Mech., July, 1957, pp. 
456-466. 17 refs. Application of equations for the 
turbulent energy, the mean square temperature fluc- 
tuation, and the covariance of the temperature and 
vertical velocity, to derive a series of relations be- 
tween the turbulent intensities and the Austausch 
coefficients, One of these relations indicates that 
the flux form of the Richardson Number cannot 
exceed a critical value which is about 0.15. It 
follows that in highly stable conditions the buoyancy 
forces have little direct effect on the turbulent en- 
ergy balance, their action being primarily to cause 
a reduction in the scale of the motion and some 
change in its structure, 


HYPERSONIC FLIGHT WITHOUT OVERHEAT- 
ING, I - FRICTION HEAT ABSORPTION AND 
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November, 1957 


THRUST GAIN BY USE OF COOLANT-FUELS. L. 
Greiner, I. Michelson, and J. Rabinowicz. Odin 
Assoc. Rep. 100-2 (AFOSR TN 57-374) [AD 132448], 


June, 1957. 55 pp. 14 refs. Study of coolant-fuels 
considering both the propellant and missile aero- 
dynamics. The propellant study contemplates the 
ability of fuels to absorb heat and the impulse gains 
achieved thereby. A method is presented for esti- 
mating aerodynamic friction heating and the extent 
of heat transfer to the coolant-fuel as functions of 
the missile speed, configuration, flight plan, and 
state of the boundary layer. It is found that cool- 
ing, which reduces equilibrium temperatures to 
manageable limits,can also be made to increase the 
energy content of suitably selected coolant-fuels by 
as much as 50 per cent. 


Boundary Layer 


APPROXIMATE METHODS FOR PREDICTING 
SEPARATION PROPERTIES. OF LAMINAR BOUND- 
ARY LAYERS. N. Curle and S. W. Skan. Aero, 
Quart., Aug., 1957, pp. 257-268. ll refs. Appli- 
cation of some new solutions for steady, incompress- 
ible, laminar boundary-layer flow, obtained by 
Gértler, to evaluate the two methods due to Thwaites 
and Stratford. A modification of Stratford's criteri- 
on for separation is given, along with modiied nu- 
merical functions for the Thwaites method of pre- 
dicting the main characteristics of the boundary 
layer over the whole surface. 


DECOLLEMENT LAMINAIRE EN TROIS DI- 
MENSIONS SUR UN OBSTACLE FINI. E. A. 
Eichelbrenner. France, ONERA Pub. 89, 1957. 
37 pp. InFrench. Study of three-dimensional 
laminar separation on a finite obstacle based on 
geometrical considerations and on the hypothesis 
of regularity in the viscous fluid, including histori-. 
cal development of the problem, numerical applica- 
tion, and experimental verifications. 


SOME NOTES ON SHOCK-WAVE BOUNDARY- 
LAYER INTERACTIONS, AND ON THE EFFECT 
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OF SUCTION ON THE SEPARATION OF LAMINAR 
BOUNDARY LAYERS. K. N.C. Bray. Gt. Brit., 
ARC CP 332, 1957. ll pp. BIS, New York, $0.36. 
Review of the theory of Crocco and Lees and ap- 
plications of this theory to the problem of shock- 
wave and boundary-layer interactions. The same 
method is then applied to the problem of estimating 
the extent to which critical Mach Number effects 
on a wing can be delayed by boundary-layer suction. 
It is found that a sucked boundary layer may re- 
quire almost three times as big a disturbance as 
an unsucked one, in order to cause separation. 


Control Surfaces 


AN EXPERIMENTAL INTRODUCTION TO THE 
JET FLAP. N. A. Dimmock. Gt. Brit., ARC 
CP 344, 1957. 68 pp. BIS, New York, $1. 80. 
Tests on two-dimensional airfoils, each having 
a 12.5 %-thick elliptical cross section with a nar- 
row full-span jet slot at the trailing edge - the jet 
deflections being 90° and 31. 4°, respectively. Re- 
sults agree satisfactorily with Stratford and David- 
son's theoretical predictions. Support is given to 
the thrust hypothesis in that the measured thrust 
is greater, under appropriate conditions, than the 
reaction component from the deflected jet. The 
losses in the system are considered, including 
those due to Reynolds Number and jet-entrainment 
effects. The influence of ground proximity on the 
lift and center of lift of the 31, 4° model is measured 
at zero incidence, and a tentative empirical ex- 
pression is suggested for the pitching-moment coef- 
ficient. 


Fluid Mechanics & Aerodynamic Theory 


ANALYSIS OF A VECTOR FIELD AND SOME 
APPLICATIONS TO FLUID MOTION. W. J. Dun- 
can. Aero, Quart., Aug., 1957, pp. 207-214, 
Presentation of a method applicable for a vector 
field in which the basic concept is the field line. 
Analysis covers the special cases of line force, 
streamline, and vortex line. Simple relations are 
obtained for the rates of change of certain quantities 
along the tangent, principal normal, and binormal 
of the field. The applications to fluid motion are 
based on identifying the general vector of the theory 
with the instantaneous vorticity vector. The appli- 
cations are easiest when the motion is steady and 
‘they cover an extension of Bernoulli's theorem to 
viscous fluids. 


THE GROWTH AND DECAY OF SONIC DISCON- 
TINUITIES IN IDEAL GASES. T. Y. Thomas. J. 
Math. & Mech., July, 1957, pp. 455-469. Analy- 
sis of an ideal gas which is devoid of viscosity and 
thermal conductivity, and whose behavior is gov- 
erned by a system of nonlinear differential equa- 
tions consisting of the equation of motion, the equa- 
tion of continuity, and the equation for the entropy 
condition. 


THE MOTION OF SLIGHTLY VISCOUS FLUID 
BETWEEN TWO NON-COAXIAL ROTATING CY- 
LINDERS. W. W. Wood. Australia, ARL Rep. 
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A. 103, Apr., 1957. 29 pp. Analysis of a viscous 
motion whose governing equations may, in principle, 
be solved exactly, The asymptotic behavior of the 
solution is derived for the case when the fluid vis - 
cosity is small, and a procedure is formulated by 
which the higher order corrections to the boundary- 
layer approximation may be determined. In as 
much as the streamlines are closed, the results 
bear particularly on closed flows. 


HITZDRAHTMESSUNGEN IN EINER AUFGE- 
SPALTENEN KARMANSCHEN WIRBELSTRASSE. 
O. Wehrmann. DVL Bericht No. 43, July, 1957. 
31 pp. ll refs. Westdeutscher Verlag, Kéln & 
Opladen. In German. Description of hot-wire 
measurements of von Karman's vortex street split 
by a thin wall. Includes presentation of three types 
of criteria for hot-wire signals generated by the 
vortices, and determination of the velocity distribu- 
tion of real vortices. 


LINEARIZED TRANSONIC FLOW ABOUT SLEN- 
DER BODIES OF REVOLUTION AT ZERO INCI- 
DENCE. P. F. Maeder and H. U. Thommen. 
Brown U., Div. Eng. TR WT-25 (AFOSR TN 57-384) 
[AD 132459], July, 1957, 112 pp. 12 refs. Deriva- 
tion of an approximate solution to the differential 
equation for flow around isolated slender bodies of 
revolution. Some simple choices for the only re- 
maining transonic parameter are discussed, and 
the theory is applied to parabolic bodies and half- 
bodies of revolution, Drag measurements on para- 
bolic bodies of revolution for different sizes are 
carried out using different types of partly open tun- 
nel walls, 


OBTEKANIE TEL IDEAL'NYM GAZOM PRI 
BOL'SHOI SVERKHZVUKOVOI SKOROSTI. G. G. 
Chernyi. AN SSSR Otd. Tekh. Nauk Izv., June, 
1957, pp. 78-85. Development of an analytical 
method for calculating the supersonic flow of ideal 
gas around axisymmetric bodies and two-dimen- 
sional profiles. The method is based on the trans- 
formation of solutions for the equations of gasdyna- 
mics into special sets according to parameter class- 
es and is analogous to the transformation method 
for the solution of equations of motion of a viscous 
fluid in the boundary-layer theory. 


NEKOTORYE OSOBENNOSTI OBTEKANIIA TEL 
PRI BOL'SHIKH SVERKHZVUKOVYKH SKORO- 
STIAKH. G. L. Grodzovskii. AN SSSR Otd. Tekh. 
Nauk Izv., June, 1957, pp. 86-92. 15 refs. In Russian. 
Determination of some flow characteristics simplify- 
ing considerably in the first approximation the study 
of flow around bodies for large Mach Numbers and 
providing an approach to a number of variational 
problems, 


CONTRIBUTIONS TO THE THEORY OF THE 
PITOT-TUBE DISPLACEMENT EFFECT. M. J. 
Lighthill. J. Fluid Mech., July, 1957, pp. 493- 
512. 19 refs. Analysis of the downwash (secon- 
dary flow component perpendicular to the undis- 
disturbed flow in the lower velocity gradient) on 
the dividing streamline. Difficulties due to the in- 
finite domain of integration and singularities of the 
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integrand are overcome by selecting variables of 
integration carefully and using known analytical 
properties of the secondary vorticity. Results show 
that secondary trailing vorticity is not an important 
contributer to the displacement. The downwash is 
due almostentirely to vorticity upstream of the 
sphere, and this in turn produces displacement 
principally through its image vorticity. The rela- 
tion between theories for a sphere and experimen- 
tal results on Pitot tubes is discussed. 


DIE INSTATIONARE ZWEIDIMENSIONALE 
UBERSCHALLSTROMUNG UM EINE PLOTZLICH 
ANGESTELLTE DUNNE PLATTE. I. Ryhming. 
DVL Bericht No. 35, May, 1957. 22 pp. West- 
deutscher Verlag, Kéln & Opladen. In German. 
Calculation of the velocity distribution in a nonsta- 
tionary two-dimensional wave produced by a sudden 
angle of attack of an infinitely tong plate in super- 
sonic flow. 


REIHENENTWICKLUNG DES GESCHWINDIG- 
KEITSPOTENTIALS DER LINEAREN UNTER- UND 
UBERSCHALLSTROMUNG FUR KORPER NICHT 
MEHR KLEINER STRECKUNG. F. Keune. ZFW, 
Aug., 1957, pp. 243-247. In German. Derivation 
of formulas for the terms of the velocity potential 
of subsonic and supersonic flow over not-so-slender 
bodies at zero lift, and of the formulas for the er- 
rors with regard to the exact solution of the linear 
equation of continuity. The discussion includes as 
part of the general theory a particularly simple de- 
rivation of the theory for slender bodies, 


ANALYSIS OF SHOCK MOTION IN DUCTS DUR- 


ING DISTURBANCES IN DOWNSTREAM PRESSURE. 


H. G. Hurrell. US, NACA TN 4090, Sept., 1957. 
ll pp. Inquiry into the effect of small downstream 
pressure disturbances on the position of a normal 
shock in a duct with area variation, The gas flow 
is treated as quasi-one-dimensional, and boundary 
layer is neglected, Results show a first-order lag 
relation between shock position and small down- 
stream disturbances which occur at frequencies be- 
low a given limit, The time constant and the gain 
of this lag are expressed in terms of a dimension- 
less time constant that depends only on the steady- 
state Mach Number of the shock, 


THEORY OF THE INTERACTION BETWEEN 
OBLIQUE SHOCK WAVES AND LAMINAR BOUND- 
ARY LAYERS. M. Honda. T6hoku U., Rep. Inst. 
High Speed Mech., vol. 8, 1957, pp. 109-130. U 
refs. Application of the usual boundary-layer as- 
sumptions to the inner viscous sublayer in Light- 
hill's theory. The change of the wall-pressure 
distribution with the increase of the shock strength 
is determined, as is the shock strength required to 
bring about the boundary-layer separation. 


EXPERIMENTS ON INTERACTION BETWEEN 
A TRAVELING SHOCK WAVE AND A TURBULENT 
JET. S. Dosanjh: J... Aero: Sci., Nov... 1957; 
pp. 838-844. 2l refs. USAF-Navy sponsored opti- 
cal observations using various arrangements of 
both sub- and supersonic jets. Some typical shad- 
owgraphs are reproduced and discussed, including 


79 


a sequence of instantaneous shadowgraphs through 
which the growth and behavior are recorded for a 
bulge developed in the shock wave as a direct re- 
sult of the shock wave's passage through the jet. 
The transverse spread and the changing profile of 
this bulge provide a visual demonstration of the 
angle of spread and decay of the jet flow. It is 
shown that beyond an equivalent distance of about 
12 jet diams. the bulge profile reaches a state of 
similarity. Includes some possible explanations of 
an intense, intermittent, high-frequency acoustic 
radiation manifested when the shock and the jet 
collide head-on. 


AN ANALYSIS OF THE EFFECT OF SHOCK 
WAVES ON TURBULENT BOUNDARY LAYERS. 
A. G. Hammitt, I, E, Vas, and S, Hight. Prince- 
ton U. Dept. Aero. Eng. Rep. 396, July, 1957, 
45 pp. 2l refs, Study of boundary-layer surveys 
in the region of the interaction between shock 
waves and turbulent boundary layers. By the an- 
alysis it is possible to determine the order of mag- 
nitude of the static pressure gradient across the 
boundary layer and changes of mass and momen- 
tum in the boundary layer. The results indicate 
that the static pressures across the boundary layer 
in the interaction region are far from constant, and 
that shear forces have only a secondary effect on 
the total momentum in the boundary layer, 


THE ANALYSIS OF SIMPLE WAVE FLOW US- 
ING A SYSTEM OF CONSTANT ENTROPY SHOCK 
WAVES. Appendix I - CONDITIONS FOR A STA- 
TIONARY VALUE IN THE SHOCK SYSTEM EN- 
TROPY. Appendix II - LIMITING VALUE OF THE 
SHOCK SYSTEM DEFLECTION EQUATION. Ap- 
pendix III - EVALUATION OF THE INTEGRALS. 
Appendix IV - ERROR IN THE PITCHING MOMENT. 
L. F. Henderson. Australia, ARL Rep. Met. 84, 
June, 1957. 38 pp. Development vf a two-dimen- 
sional theory in which the flow-field Mach lines are 
regarded as shock -vaves of small intensity. The 
theory is applied to a two-dimensional wing in or- 
der to permit comparison between calculated and 
measured pressure distributions. 


THE VORTICITY JUMP ACROSS A GASDYNAMIC 
DISCONTINUITY. W. D. Hayes. J. Fluid Mech., 
Aug., 1957, pp. 595-600. Derivation of an expres- 
sion for the jump in the vorticity across a gasdyna- 
mic discontinuity in an inviscid flow, The expres- 
sion generalizes results of Truesdell and of Light- 
hill for the vorticity behind a steady curved shock 
in a uniform flow, as well as Emmons! result for 
the vorticity jump across aflame. The jump in 
vorticity considered in the steady-flow case in found 
to depend on the jump in density and on gradients 
along the discontinuity surface of the tangential vel- 
ocity component and of the normal mass flow. An 
analogous result is found with unsteady flow, 


DIFFRACTION OF DISTURBANCES AROUND A 
CONVEX RIGHT CORNER WITH APPLICATIONS 
IN ACOUSTICS AND WING-BODY INTERFERENCE. 
Lu Ting. J. Aero. Sci., Nov., 1957, pp. 821-844. 
3l refs. OSR-supported analysis of the problem of 
diffraction of a two-dimensional disturbance or an 
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arbitrary pulse by a convex right-angled corner. 
The matching of the boundary conditions of the solu- 
tions to these two problems leads to a nonhomoge- 
neous integral equation for the pressure distribu- 
tion along the boundary. The solution of this is 
obtained by the method of successive substitution. 
Applications are made to the analysis of the two- 
dimensional unsteady flow field associated with the 
diffraction of a weak shock by a rectangular barrier 
and to the analysis of the equivalent three-dimen- 
sional steady supersonic flow field produced by 
interference of wings and prismatic bodies of rec- 
tangular cross section. 


Internal Flow 


AN EXPERIMENTAL INVESTIGATION OF THE 
SECONDARY FLOW OCCURING IN A COMPRESSOR 
CASCADE. W. D. Armstrong. Aero. Quart., Aug., 
1957, pp. 240-256. Test results from a 6-in, - 
chord cascade giving velocity measurements and 
the three-dimensional tracks of air particles. The 
experimental and computed outlet angles are com- 
pared and the discrepancies are explained qualita- 
tively. It is shown that secondary flow between two 
compressor blades causes a local separation of the 
suction surface boundary layer adjacent to the 
cascade wall. Asa result the cascade wall bound- 
ary layer is appreciably thickened, and farther 
downstream the deflection of the flow over the con- 
cave surface is reduced. Local curvature of the 
streamlines near the nose also generates a stable 
secondary flow pattern, the vortices of which pass 
around the nose. On the convex blade surface the 
streamlines oppose the secondary vorticity, but 
are additive near the concave surface, 


ANALYSE GENERALE DE L'ECOULEMENT 
SUBSONIQUE DANS UN COMPRESSEUR HELICO- 
CENTRIFUGE. M. Costedoat, J. le Manach, and 
E. Maillet. France, ONERA Pub. 86, Feb., 1957. 
42 pp. In French. General analysis of subsonic 
flow in a helico-centrifugal compressor based on 
experimental determination of the evaluation and 
location of losses. 


SCHWINGUNGEN IN VERDICHTERN. H. Séhn- 
gen and A. W. Quick. France, ONERA, J.1.S.A., 
Paris, May 27-29, 1957, Comptes Rendus, Pt. I, 
pp. 119-130. In German. Investigation emphasizing 
the importance of gas compressibility in the case 
of vibration of axial compressors and indicating its 
use in explaining numerous vibration phenomena. 
The validity of this theory is illustrated for the 
case of small stationary flow velocities and its in- 
adequacy in the case of a grid with sufficiently 
large frequencies is pointed out. The compressi- 
bility of gases must also be taken into account when 
air forces are calculated for the nonstationary case. 


UBER DEN KOMPRESSIBILITATSEINFLUSS 
BEI EBENEN SCHAUFELGITTERN STARKER 
UMLENKUNG. K. Oswatitsch and I. Ryhming. 
DVL Bericht No. 28, Mar., 1957. 29 pp. West- 
deutscher Verlag, Kéln & Opladen. In German. 
Study of the compressibility effect in the case of 
two-dimensional cascades with strong deflection, 
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taking into account the Prandtl-Glauert analogy, 
and including the determination of the influence of 
blade curvature on the critical Mach Number of the 
oncoming flow. 


INLET FLOW DISTORTION INDEX. J. S. 
Alford. France, ONERA, J.1.S.A., Paris, May 
27-29, 1957, Comptes Rendus, Pt. I, pp. 71-94. 


Discussion of methods for improving the compati- 
bility of inlet ducts and engines through adequate 
programing in these areas: (a) design of induction 
system for good flow distribution, (b) development 
of flow-distributing devices, (c) design of compres- 
sors to accept moderate distortion, and (d) match- 
ing of inlet-flow distribution to engine requirements. 
An inlet-flow distortion index is developed from the 
proposition that the effect of circumferential varia- 
tions of total pressure on engine-stall margin is 
proportional to the magnitude of distortion and to 
the number of stages over which the distortion per- 
sists. 


THE PRODUCTION OF UNIFORM SHEAR FLOW 
IN A WIND TUNNEL. P. R. Owenand H. K. Zien- 
kiewicz, J. Fluid Mech., Aug., 1957, pp. 521-531, 
Method for calculating a suitable arrangement of 
parallel rods such that, when a grid of these rods 
is inserted with varying spacing in the working sec- 
tion of a wind tunnel, a nearly uniform shear flow is 
obtained. The function of the grid is to impose a 
resistance to the flow, so graded across the work- 
ing section as to produce a linear variation in the 
total pressure at large distances downstream, with- 
out introducing an appreciable gradient in static 
pressure near the grid. Treatment includes ex- 
perimental verification using a grid designed for a 
shear parameter as large as 0.45, 


TRANSONIC FLOW WITH A DETACHED BOW 
WAVE PAST A WEDGE BETWEEN TWO PARAL- 
LEL PLANE WALLS. Shigeki Morioka. J. Aero. 
Sci., Nov., 1957, pp. 831-837. Calculations of the 
flow past a symmetrical double wedge placed mid- 
way between two parallel walls. The subsonic flow 
field over the front half is determined by applying 
the hodograph technique to the transonic perturba- 
tion equation in the hodograph plane. The method 
of characteristics is adopted for supersonic flow 
over the rear half. Computations are carried out 
for three values of the ratio of the chord length to 
the tunnel width, assuming the value of the tran- 
sonic parameter to be 0.921 in every case. 


STUDY OF THE CURVING OF THE FREE JET. 
Ajit Kumar Roy. Aero, Soc. India J., May, 1957, 
pp. 28-33. Analysis of three cases falling in the 
category of the Helmholtz problem of a free jet 
impinging on a solid boundary where mixed bound- 
ary conditions exist. These boundary conditions 
include prescribed velocity magnitude on the free 
streamline and constant velocity direction on the 
boundary. Considered are (a) the case in which 
the jet flow is within two parallel walls extending 
to infinity both ways, (b) the case of an outgoing 
widened jet which is turned 90° away from the in- 
coming jet with the help of boundaries, and (c) an 
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extension of case (b) in which the perpendicular 
boundaries are moved an infinite distance apart 
and the motion takes place such that the free stream- 
line makes an unlimited number of turns inthe form 
of a spiral, 


gative pitching moment increases with aspect ratio 
and angle of attack, and becomes approximately 
equal to the wing-off value at very high angles of 
attack, It is also shown that the complete models 
tested become directionally unstable in the high 
angle-of-attack range, primarily as a result of 
increased losses in the stable contribution of the 
tail both with angle of attack and with increasing 
wing aspect ratio. 


ON THE TILTING OF NOZZLE LINERS, T. A. 
d'Ews Thomson and R. E. Meyer. Australia, ARL 
Rep. A. 100, Jan., 1957, 26 pp. Analytical deter- 
mination of the effect of a slight tilting on the Mach 
Number distribution in the test rhombus, Meyer's 
perturbation theory for supersonic nozzle flows 
serves as the basis for the investigation, It is 
shown that the sub- and transonic perturbations of 
the flow may be neglected as compared with the 
supersonic perturbations, This result is confirmed 
by experimental data which indicate further, how- 
ever, that appreciable effects not accounted for by 
the theory in its present form occur when the flow 
possesses high local pressure gradients. 


A NOTE ON THE EQUATIONS OF MOTION FOR 
A RIGID AIRCRAFT WITH VARYING MASS, Kyui- 
chiro Washizu. Japan Soc. Aero. Eng. J., Aug., 
1957, pp. 215-218, In Japanese. Derivation of equa- 
tions of motion for’a rigid aircraft propelled by a 
cigarette-burning type of rocket propellant, taking 
into account effects of varying mass and a moving 
center of gravity position. In this method, an air- 
craft coordinate system is fixed at a rigid point of 
the aircraft. Therefore, the magnitudes of aero- 
dynamic forces and moments with respect to the 
axis of the aircraft coordinate depend on motions 
of the aircraft only, and not on the instantaneous 


THE LAMINAR AND TURBULENT MIXING OF 
JETS OF COMPRESSIBLE FLUID. I - FLOW FAR 
FROM THE ORIFICE. L. J. Crane and D. C. Pack. 


J, Fluid Mech., July, 1957, pp. 449-455. Analysis 
based on the assumption of a coefficient of eddy kin- 
ematic viscosity in turbulent flow, leading to the 
possibility of combining, in one equation, laminar 
and turbulent motion. An approximation to the so- 
lution of these equations is found for the flow of a 
compressible fluid, issuing from a narrow slit, far 
from the slit, The stream function is expanded in 

a power series in squares of the Mach Number. 
Bickley's solution for the corresponding problem 

in compressible flow is used to start the iterative 
process by which successive terms of the power 
series are obtained, In order to find the analytical 
form for the second term of the series, it is as- 
sumed that the Prandtl Number is unity, that the 
viscosity varies as the n-th power of the absolute 
temperature, and that the stagnation temperature 

of the jet is the same as that of the surrounding gas. 


AN EXPERIMENTAL INVESTIGATION OF A 
WALL JET. P. Bakke, J. Fluid Mech., July, 


estimation of any of the derivatives. 


position of its center of gravity. 


A METHOD UTILIZING DATA ON THE SPIRAL, 
ROLL-SUBSIDENCE, AND DUTCH ROLL MODES 
FOR DETERMINING LATERAL STABILITY DERI- 
VATIVES FROM FLIGHT MEASUREMENTS. B. B. 
Klawans and J. A. White.. US, NACA TN 4066, 
Aug., 1957. 38 pp. Analysis using the lateral equa- 
tions of motion arranged in such form that informa- 
tion from each of the three modes of lateral motion 
may be utilized. This permits the determination of 
all the important derivatives without requiring an 


The results 
of an error analysis are given to show the effect of 
errors in the measured quantities on the accuracy 
of each stability derivative for three representative 
airplanes. 


Wings & Airfoils 


THE HILBERT PROBLEM FOR AN AIRFOIL IN 
UNSTEADY FLOW. Patrick Leehey. J. Math. & 


1957, pp. 467-472, Study of a turbulent low-speéd Mech., July, 1957, pp. 427-453. 13 refs. Applica- 
jet of air spreading radially over a flat smooth plate, tion of Kelvin's circulation theorem and of certain 


a situation discussed by Glauert in his theory of the 
wall jet. The velocity distribution is measured and 
is found to agree with Glauert's theory within ex- 
perimental range and accuracy. The rate of change 
of velocity and the width of the jet can be expressed 
by simple power laws. 


Stability & Control 


STATIC LONGITUDINAL AND LATERAL STA- 
BILITY CHARACTERISTICS AT LOW SPEED OF 
45° SWEPTBACK-MIDWING MODELS HAVING 
WINGS WITH AN ASPECT RATIO OF 2, 4, OR 6, 
D. F. Thomas, Jr., and W. D. Wolhart. US, 
NACA TN 4077, Sept., 1957. 30 pp. 15 refs. Sy- 
stematic stability-tunnel investigation of the effects 
of the various components and component combina- 
tions on the considered static longitudinal and la- 
teral stability characteristics. Results indicate 
that the wing-on tail effectiveness in producing ne- 


results concerning the interchange of integration 
processes for contours and arcs, to relate the 
wake vortex distribution to a prescribed vertical 
motions of the airfoil. General lift and pitching - 
moment expressions are obtained and applied to 
special cases of (1) a step change in angle of attack, 
(2) a translatory oscillation, (3) an airfoil in an os- 
cillating, moving stream. 


THE SHAPE OF THE CENTRE PART OF A 
SWEPTBACK WING WITH A REQUIRED LOAD 
DISTRIBUTION. J. Weber. Gt. Brit., RAE Rep. 
Aero, 2591, May, 1957. 5l pp. Development of a 
method for designing the center portion of a cam- 
bered and twisted sweptback wing to have the same 
chordwise load distribution at all spanwise loca- 
tions, For this purpose the downwash field induced 
by a doublet distribution of constant spanwise 
strength in the chordal plane of a constant chord 
wing is determined for incompressible, sonic, and 
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supersonic mainstream flow. Since the downwash 
has a logarithmic singularity at the center section 
in the chordal plane itself, an approximate method 
is suggested to satisfy the boundary condition at 
the surface of the thick wing. Numerical examples 
illustrate the influence of the angle of sweep, the 
wing thickness, and the load distribution, 


EXPERIMENTELLE UNTERSUCHUNGEN AN 
NEUEN LAMINARPROFILEN FUR SEGELFLUG- 
ZEUGE UND HUBSCHRAUBER. F. X. Wortmann, 
ZFW, Aug., 1957, pp. 228-243, 18 refs. In Ger- 
man, Development, based on theoretical concepts, 
of new laminar airfoil sections, and tests on these 
sections and on two NACA airfoil sections in a low- 
turbulence wind tunnel at Reynolds Numbers be- 
tween 0.7 x 106 and 1.8106, The theoretical con- 
cepts are completed and corrected. Over the samé 
low-drag range, the airfoil sections of the final de- 
sign show a drag reduction of 15 to 20% or, for the 
‘same drag, a 25% increase of the low-drag range 
when compared with the corresponding NACA air- 
foil sections. 


A NOTE ON THE APPLICATION OF THE SU- 
PERSONIC AREA RULE TO THE DETERMINATION 
OF THE WAVE DRAG OF RECTANGULAR WINGS. 
R. C. Lock, J. Fluid Mech,, Aug., 1957, pp. 575 
-582. Presentation of a proof that, despite certain 
singularities in the oblique area distributions, the 
supersonic area rule can be used to determine cor- 
rectly the wave drag according to linearized theory, 
of thin symmetrical rectangular wings at zero inci- 
dence, It is shown that the proof can be extended 
to cover the case of swept wings with supersonic 
edges, for which similar singularities also exist. 


INVESTIGATIONS ON THE STALLING CHAR- 
ACTERISTICS OF DELTA WINGS IN INCOMPRES- 
SIBLE FLOW. E, Truckenbrodt and E, G, Feindt. 
Braunschweig Tech, Hochschule Inst. Strémungs- 
mech., Rep. 57/lla, June 4, 1957. 46 pp. Evalua- 
tion of four delta wings having NACA 0012 wing sec- 
tions but differing in aspect ratios, and of one hav- 
ing an NACA 0005 wing section, The critical angle 
of incidence at which separation bégins is deter- 
mined from wake measurements, according to a 
method due to Hofer. Separation begins at higher 
angles of incidence for wings with small aspect 
ratios than for those with large aspect ratios, The 
plan forms with 12%-thick profiles have less ten- 
dency for separation than those with 5%-thick pro- 
files. For all plan formsinvestigated, separation 
starts at the wing tip and, with increasing angle of 
incidence, proceeds tothe root. The results of the 
measurements of the critical angle of incidence are 
compared with data from pressure-distribution 
measurements, 


SLENDER DELTA WINGS WITH SHARP EDGES 


AT ZERO LIFT. J. Weber. Gt. Brit. RAE TN 
Aero. 2508, May, 1957. 45 pp. 27 refs. Investi- 


gation of delta wing with diamond-shaped cross sec- 
tions at subsonic and at supersonifk speeds. The 
pressure distributions and overall normal-pressure 
drags resulting from various theoretical methods 
are compared with one another. Includes discus- 
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sion concerning the possibility of achieving the re- 
sults, calculated for an inviscid stream, ina real 
flow, in the presence of a viscous layer around the 
body. 


THEORY OF THE CIRCULAR WING IN STEADY 
INCOMPRESSIBLE FLOW. E. van Spiegel. Nether- 
lands, NLL TN F.189, Jan. 25, 1957. 57 pp. Anal- 
ysis of circular planform with any downwash distri- 
bution in an incompressible flow, formulated as a 
boundary-value problem for the Laplace equation. 
Orthogonal coordinates are introduced, and solu- 
tions are found by separation of variables. By 
means of these solutions the Green's function of the 
second kind can be constructed. A comparison of 
the regular velocity potential and the regular accel- 
eration potential leads to singular solutions of the 
Laplace equation. The complete solution of the — 
physical problem can be written as the sum of the 
regular acceleration potential and a singular solu- 
tion along the leading edge of the wing. 


EXPERIMENTAL OBSERVATION OF VORTICES 
IN WING-BODY JUNCTIONS. A. Stanbrook. Gt. 
Brit., RAE Rep. Aero, 2589, Mar., 1957. 33 pp. 
13 refs, Tests on various wing-body combinations 
to investigate the nature of the flow in the junction. 
Results indicate that vortices are formed due to 
separation of the boundary layer on the body in the 
flow towards the wing. The free edge of the result- 
ing vortex sheet rolls up to form a vortex which 
then trails downstream around the wing. As inci- 
dence is increased, the vortex on the suction side 
of the wing moves toward the wing and the vortex 
on the pressure side moves away from the wing. 
The vortices are present with both swept and un- 
swept rounded leading edges at sub- and supersonic 
speeds; they are not found, however, with sharp 
leading edges at zero incidence. 


AEROELASTICITY 


APPLICATION OF DONNELL-TYPE DYNAMIC 
EQUATIONS INCLUDING AND EXCLUDING THE 
EFFECTS OF TRANSVERSE SHEAR AND ROTA- 
TIONAL INERTIA TO VIBRATIONS OF INFINITE- 
LY LONG CYLINDRICAL SHELLS. Yi-Yan Yu. 
Syracuse U., Res. Inst. Mech. Eng. Dept. Rep. 
ME390-577TN2 (AFOSR TN 57-390) [AD 132465], 
July, 1957. 56 pp. Analysis to present Donnell- 
type dynamic equations in a form such that the 
terms affected by rotational inertia as well as those 
affected by transverse shear deformation may be 
identified. The equations are then reduced totheir 
exact counterpart, in which transverse shear and 
rotational inertia effects are neglected. By means 
of the two counterpart equations, expressions are 
then derived for the frequency, modes, phase, and 
group velocities of long cylindrical shells. 


THE USE OF NORMAL MODES IN PROBLEMS 
OF FORCED VIBRATION AND IMPACT. R. P. N. 
Jones. RAeS J., Aug., 1957, pp. 552-559. 10 refs. 
Derivation of the properties of modes by use of 
d'Alembert’s principle and methods of virtual work. 
The solutions of problenis of free and forced vibra- 
tions, and of dynamic loading, are discussed in 
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conjunction with simple examples. It is shown that 
dynamic problems for any linear system may be 
solved without the use of the fundamental equations 
of motion, provided the natural frequencies and 
modes of the system are known. In most problems 
the solutions converge rapidly, so that only the 
first few modes of vibration need be considered, 
and in these cases the solution may be modified to 
give further improvement in convergence, 


THE OSCILLATING TWO-DIMENSIONAL AERO- 
FOIL BETWEEN POROUS WALLS. D. G. Drake, 
Aero. Quart., Aug., 1957, pp. 226-239. Applica- 
tion of the transform technique to the analysis of 
compressible flow past an oscillating two-dimen- 
sional airfoil in a wind tunnel with porous walls. 
The porous wall is assumed to have the property 
of constant ratio of the normal velocity at the wall 
to the pressure drop across the wall. The super- 
sonic longitudinal stability derivatives are found, 
and an extension of Possio's integral equation is 
made for the quasi-stationary case in subsonic 
flow. 


ON STABILITY CRITERIA FOR FLUTTERING 
SYSTEMS. Appendix I - EXPLICIT STABILITY 
CRITERIA FOR SIMPLER SYSTEMS. Appendix 
Il - AN EXAMPLE OF STABILITY ANALYSIS OF 
TERNARY FLUTTER. J. D. C. Crisp. Australia, 
ARL Rep. SM 250, Apr., 1957. 34 pp. Generaliza- 
tion and formalization, for the specifically fluttering 
system, of the application of the Cauchy "residue 
theorem!" to the study of the roots of the complex 
polynomial equation (with constant coefficients de- 
fined by the physical parameters of the system), to 
which the characteristic equation for nontrivial so- 
lutions of the equations of motion of an n-degree- 
of-freedom fluttering system reduces, A simpli- 
fied, concise statement of the resulting graphical 
criterion is suggested which may be useful for sec- 
ond-, third-, and fourth-order systems in flutter 
design and system parametric studies, 


ON THE EXCITATION OF PURE NATURAL 
MODES IN AIRCRAFT RESONANCE TESTING. R. 
W. Traill-Nash. Australia, ARL Rep. SM. 254, 
July, 1957. 12 pp. Presentation of a method for 
the systematic adjustment of force :evels to pro- 
duce a pure, undamped, natural mode of vibration 
in multipoint excitation of aircraft structures. The 
method requires the recording, initially, of in- ; 
phase components of displacement at a number of 
points on the structure for each of a number of 
linearly independent force distributions applied at 
the undamped natural frequency of the mode to be 
measured. From these data, a set of linear simul- 
taneous equations is set up, the solution of which 
provides the coefficients of a linear combination of 
the force distributions which will serve to excite 
the pure mode. As part of the present study, the 
question of the optimum numbers of measuring sta- 
tions and exciters is examined. 


A CORRELATION OF RESULTS OF A FLIGHT 
INVESTIGATION WITH RESULTS OF AN ANALYTI- 
CAL STUDY OF EFFECTS OF WING FLEXIBILITY 
OF WING STRAINS DUE TO GUSTS. Appendix - 


DERIVATION OF THE FREQUENCY -RESPONSE 
FUNCTIONS INCLUDING VERTICAL MOTION AND 
FIRST AND SECOND SYMMETRICAL MODES OF 
WING BENDING. C. C. Shufflebarger, C. B. 

Payne, and G. L. Cahen, US, NACA TN 4071, Aug., 
1957, 40 pp. 14 refs. Application of the techniques 
of generalized harmonic analysis in both the theore- 
tical calculations and in the analysis of the wing- 
strain measurements previously made on a four- 
engine bomber airplane during flight through rough 
air. Strain spectra, root-mean-square strain 
values, and the distribution of strain peaks are de- 
termined for each of the four spanwise measuring 
stations, Horbolt and Kordes' method is extended 

to include the second symmetrical bending mode, 

in addition to the fundamental bending mode, as it 
seems particularly pertinent for the outboard sta- 
tions, 


AIRPLANE DESIGN 


THE ROLE OF DYNAMIC TECHNIQUES IN THE 
DESIGN AND DEVELOPMENT OF HIGH SPEED 
AIRCRAFT. R. R. Heppe. France, ONERA, J. 
I.S.A., Paris, May 27-29, 1957, Comptes Rendus, 
Pt. I, pp. 1-25. Discussion of various techniques 
including the use of high-speed computers, dy- 
namic analysis, and certain experimental proce- 
dures. One new flight-dynamic experimental tech- 
nique is described. Typical results of the applica- 
tion of modern analytical methods are shown in the 
areas of flying characteristics, aercelasticity, 
loads, automatic controls, and aircraft performance. 


AIRPORTS 
Heliports 


INVESTIGATION OF AIR TURBULENCE ON 
HELIPORTS. W. Just. AHS J., July, 1957, pp. 
19-26, Experimental investigation of the flow con- 
ditions on a rooftop heliport. Includes flow pictures 
taken in a water channel, and study of the influence 
of rounding the roof edges and of the effect of at- 
tached slats and corner fairings, Results indicate 
that rounded roof edges and a slat or forward-edge 
fairings aid in minimizing turbulence, The disturb- 
ance caused by buildings standing in the vicinity of 
rooftop landing areas is also illustrated, 


FUELS & LUBRICANTS 


SPECIAL ISSUE: ROCKET PROPELLANTS. 
(CCDA Spring Meeting, French Lick, Ind., May 
13-14, 1957.) Ind. & Eng. Chem., Sept., 1957, pp. 
1, 330-1,348. Partial contents: FLUORINE-DE- 
RIVED CHEMICALS AS LIQUID PROPELLANTS, 
J. F. Gall. APPLIED RESEARCH AND PRODUCT 
DEVELOPMENT FOR ROCKET PROPELLANTS, 
A. R. Deschere. UTILIZATION OF HIGH-ENER- 
GY FUEL ELEMENTS, E. A. Weilmuenster. 
LIQUID ROCKET PROPELLANTS - IS THERE AN 
ENERGY LIMIT, J. F. Tormey. HOMOGENE- 
OUS SOLID PROPELLANTS AND THE CHEMICAL 
INDUSTRY, L. G. Bonner. CHEMICAL LESSONS 
LEARNED FROM NIKE AJAX DEVELOPMENT, R. 
B. Canright. THE CHEMICAL INDUSTRY IN MIS- 
SILE SYSTEMS PLANNING, S. A. Johnston and H. 
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R. Lawrence. Symposium which discusses new 
high-energy fuels using boron and fluorine chemi- 
cals, in addition to research and production prob- 
lems. 


EXPERIMENTAL AND CALCULATED HISTO- 
RIES OF VAPORIZING FUEL DROPS. R. J. Priem, 
G. L. Borman, M. M. El Wakil, O. A. Uyehara, 
and P. S. Myers. US, NACA TN 3988, Aug., 1957. 
66 pp. 16 refs. Experimental investigation of the 
temperature and mass histories of single droplets, 
with emphasis on small drops down to 500 microne, 
and comparison of these experimental histories with 
calculated ones. The time taken by a droplet va- 
porizing in high-temperature air to form a mixture 
of fuel vapor and air of combustible strength in the 
film of the droplet and at the self-ignition tempera- 
ture is calculated. The concept of physical ignition 
delay of single droplets is thus presented. In addi- 
tion, the vaporization of fuel droplets in a spray un- 
der conditions in which one droplet influences an- 
other in analyzed. 


INSTRUMENTS 
Accelerometers 


DEVELOPMENT OF THE TYPES IT.3-1-1 AND 
3-2-1 ACCELEROMETERS. Appendix I - DESIGN 
CONSIDERATIONS OF THE MOVEMENT AND 
DAMPING SYSTEM. W. J. G. Cox. Gt. Brit., 
RAE TN Instn.158, Mar., 1957. 17 pp. Descrip- 
tion of accelerometers which function on the princi- 
ple of proportionality between the deflection and ap- 
plied acceleration of seismic spring-mounted mass. 
To obtain an optimum damping for steady-state ac- 
celerations and to avoid excessive overshoot under 
transient conditions, velocity damping is incorpo- 
rated, using a high-stability, fully shielded, per- 
manent magnet system inducing eddy-current drag 
on the moving mass. 


MATERIALS 
Nonmetallic Materials 


HOW DIFFERING ADHESIVE PHYSICAL PROP- 
ERTIES CAN INFLUENCE HONEYCOMB SAND- 
WICH PERFORMANCE, W. C. O'Leary and A. F. 
Martin. SAMPE Conf., Los Angeles, Jan. 31-Feb. 
2, 1957, Paper 6. 48 pp. Investigation of three 
honeycomb adhesives by measurement of some per- 
formance characteristics of honeycomb sandwiches 
over a temperature range from -67° F. to 300° F. 
Data are presented for establishing the curing con- 
ditions which will produce sound bonded structures. 
Results indicate that a designed combination of two 
adhesives with widely varying physical properties 
can be made which will produce a single honeycomb 
adhesive system utilizing the advantages of both. 

It is further shown that tests on the honeycomb pan- 
els are the only reliable performance criteria for 
the composite honeycomb system. 


MATHEMATICS 


EXTENSIONS OF REPRESENTATIONS OF LIE 
GROUPS AND LIE ALGEBRAS. I. G. Hochschild 
and G. D. Mostow. Inst. Advanced Study, Prince- 
ton, N.J. (AFOSR TN 57-308) [AD 132379], June, 
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1957. 30 pp. Analysis showing how basic results 
on the existence of fafthful representations for con- 
nected Lie groups can be proved, ina relatively 
simple manner, by means of the extension theorem. 
In particular, the use of Ado's theorem on the ex- 
istence of a faithful representation for a Lie alge- 
bra is completely eliminated. On the other hand, 
proof is obtained by means of the technique of rep- 
resentative functions (here defined as functions of 
the universal enveloping algebra) for Zassenhaus' 
theorem which is an analog, for Lie algebras, of 
Ado's theorem; thus Ado's theorem is also proved. 


ON THE NUMERICAL EVALUATION OF THE 
STOKES' STREAM FUNCTION. Donald Greenspan. 
Math, Tables & Aids to Comp., July, 1957, pp. 


150-160, 15 refs. Numerical analysis of a Dirich- 
let-type problem which occurs in the study of axial- 
ly-symmetric problems in fluid dynamics, 


INVERSE BESSEL FUNCTIONS: SOLUTION FOR 
THE ZEROS. L. Gold. J. Math. & Phys., July, 
1957, pp. 167-171. 10 refs. USAF-Army-Navy- 
supported analysis showing how the inverse Bessel 
function of the first kind may be directly secured 
from the inverted Bessel equation, 


ALGEBRAIC METHODS FOR THE NUMERICAL 
ANALYSIS OF BUILT-UP SYSTEMS. B. Langefors. 
SAAB TN 38, 1957. 55 pp. 18 refs. Establish- 
ment and analysis of the method in which known 
matrix procedures for electric and static systems 
appear as special cases. Modern methods oflinear 
algebra are used for the main theory, and applica- 
tions require only familiarity with elementary ma- 
trix concepts and an understanding of the concept of 
transference. Achievements include a new and 
more general basis for analysis of built-up struc - 
tures, a more intuitional treatment by the concept 
of transference, a new method for solving systems 
of equations in a piecewise manner, a complete du- 
ality between force analysis and displacements a- 
nalysis for stiffened-shell structures of statics, 
and a formula for computing the redundancy of such 
structures. 


A FUNCTION-THEORETIC SOLUTION OF CER- 
TAIN INTEGRAL EQUATIONS. I. A. E. Heins 
and R. C. MacCamy. Carnegie Inst. Tech., Dept. 
Math., TR 18 (AFOSR TN 57-236) [AD 126533], 
May, 1957. 16 pp. Consideration of a type of inte- 
gral equation arising in the study of boundary prob- 
lems for elliptic, partial differential equations in 
two variables. The equation is converted into a 
functional relation for a multiple-valued analytic 
function defined on a Riemann surface, and the solu- 
tion to the relation is obtained. The method is car- 
ried out in detail for the integral equation of the 
Sommerfield half-plane problem. 


EXPANSIONS FOR PRODUCTS OF TWO WHIT- 
TAKER FUNCTIONS. F. M. Ragab. NYU Inst. 
Math. Sci., Div. Electromagn. Res., Res. Rep. 
BR-23 (AFOSR TN 57-419) [AD 132498], July, 1957. 
13 pp. Expansion of Whittaker functions and E- 
functions in terms of products of these functions. 
Includes expansion of the products of two Whittaker 
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functions or two E-functions in series involving 
these functions. The variable is the same in all 
terms of the series and the values of the parame- 
ters differ by integers. 


NEW DESIGNS FOR THE EXPLORATION OF 
RESPONSE SURFACES. R. L. Carter. N.C. U. 
Inst. Statistics, MS 172, (AFOSR TN 57-381) [AD 
132456], Investigation into the theory of experiment- 
al designs for the exploration of response surfaces, 
with particular attention given to the relationship 
between this theory and the conventional techniques 
of factorial design, and to means for obtaining new 
designs by combining and transforming known de- 
signs. 


SOME CALCULATIONS ON A PARABOLIC 
DIFFERENTIAL EQUATION WITH FREE BOUND- 
ARY. M. L. Potters. Netherlands, Math. Cen- 
trum Rep. 359 b, 1957. 12 pp. Description of the 
method used to find approximate solutions - includ- 
ing a solution with a free start and a periodical so- 
lution - and presentation of some calculations con- 
nected with the physical problem, Integrations are 
performed on an electronic computer, 


MECHANICS 


ON THE FOUNDATION OF THE MECHANICS 
OF CONTINUOUS MEDIA. Walter Noll. Carnegie 
Inst. Tech., Dept. Math., TR 17 (AFOSR TN 57- 
352), June, 1957, 68 pp. Presentation of a rigor- 
ous theory for continium mechanics, A continuous 
body is defined as a piece of a differentiable mani- 
fold which is also a measure space, This definition 
gives an intrinsic description of a body independent 
of its various possible configurations in space, 
Forces are defined in terms of vector measures, 
and precise definitions of motions like body force, 
contact force,and mutual force are given. Classical 
mechanics are presented in a relativistic theory in 
which there are no preferred frames of reference, 
A general theory of material properties is given; 
the equations which characterize such properties 
are called constitutive equations. 


METEOROLOGY 


CLEAR-AIR TURBULENCE OVER THE UNITED 
STATES. LeRoy H. Clem. Aero. Eng. Rev., Nov., 
1957, pp. 63-68. Discussion of turbulence obser- 
vations collected and analyzed as part of the Air 
Force's Project Cloud Trail, and review of previ- 
ous research on clear-air turbulence. The Project's 
results indicate that high-level turbulence may be 
associated with recognizable synoptic features, and 
have systematic and seasonal variations. These 
findings suggest that the insidious aspect of clear- 
air turbulence - i.e., occurrence without warning - 
may be avoided to some extent by forecasting its 
probability of occurrence in association with the 
aforementioned synoptic situations. 


MISSILES 


GUIDED WEAPON ENGINEERING; AN INTRO- 
DUCTION TO GUIDED MISSILE DESIGN AND DE- 
VELOPMENT. B. J. Clemow. Aircraft Eng., 
Sept., 1957, pp. 258-267. 


Discussion covering 
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steps and techniques in weapon development, man- 
agement of a weapon team, aerodynamics and mis- 
sile configuration, structure, boosts, propulsion, 
auxiliary power supplies, control-surface actuators, 
control system, guidance system, and instrumenta- 
tion, 


RELATIVISTIC TREATMENT OF ROCKET KIN- 
EMATICS AND PROPULSION. P. F. von Handel 
and H. Knothe. USAF HADC HDRR TM 57-11, 
Sept., 1957. 86 pp. Study of general kinematics 
and propulsion of space vehicles within the frame- 
work of the special theory of relativity. The recep- 
tion and expulsion of particles and photons by a 
space vehicle as well as their kinematic effects are 
examined in detail, The optimization of the final 
velocity of the vehicle is determined as a paramet- 
ric function of the available energy and of the final 
mass (payload). 


MAXIMUM RANGES OF INTERCONTINENTAL 
MISSILES. D. F. Lawden. Aero. Quart., Aug., 
1957, pp. 269-278, Derivation of an analytical so- 
lution for the problem of programing the thrust 
direction to achieve maximum range on the earth's 
surface, assuming that the thrust magnitude is spe- 
cified. Earth curvature and rotation, and varia- 
tion of gravity with height, are taken into account, 
but air resistance is neglected. Motion is assumed 
to take place in the equatorial phase. Tables are 
included from which the optional trojectories of 
missiles may be computed when two design para- 
meters are known, and these tables are used to 
assess the advantage to be gained at extreme ranges 
by firing in the sense of the earth's rotafion rather 
than against it. 


THE STABILITY OF BODIES OF REVOLUTION 
AT VERY HIGH MACH NUMBERS. A. F. Charwat. 
Jet Propulsion, Aug., 1957, pp. 866-871. Applica- 
tion of Newtonian theory to define the important 
stability criteria and to study the permissible ap- 
proximations. Several numerical examples are 
worked out, It is shown that configurations with 
cylindrical afterbodies exhibit two possible equili- 
brium trajectories: (a) a vertical dive, and (b) a 
glide at an angle uniquely determined by the loca- 
tion of the c.g. The latter is the only completely 
stable trajectory. Results also indicate the impor- 
tance of the drag force in determining the stability 
of bluff bodies. 


OPTIMUM STAGING TECHNIQUE FOR MULTI- 
STAGED ROCKET VEHICLES. E. E. H. Schur- 
mann, Jet Propulsion, Aug., 1957, pp. 863-865. 
‘Preliminary -design method for determining, by a 
few short calculations, the optimum staging under 
a known set of conditions. The procedure is appli- 
cable for ballistic-missile and satellite-vehicle de- 
sign. Assumptions include constant thrust during 
any given stage, constant specific impulse, zero 
drag, and constant g. 


NAVIGATION 


SOME DESIGN PROBLEMS IN INERTIA NAVI- 
GATION. W. Cawood. France, ONERA, J.1.S.A., 
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lems. 


R. Lawrence. Symposium which discusses new 
high-energy fuels using boron and fluorine chemi- 
cals, in addition to research and production prob- 


EXPERIMENTAL AND CALCULATED HISTO- 
RIES OF VAPORIZING FUEL DROPS. R. J. Priem, 
G. L. Borman, M. M. El Wakil, O. A. Uyehara, 
and P. S. Myers. US, NACA TN 3988, Aug., 1957. 


film of the droplet and at the self-ignition tempera - 
ture is calculated. The concept of physical ignition 
delay of single droplets is thus presented. In addi- 
tion, the vaporization of fuel droplets ina spray un- 
der conditions in which one droplet influences an- 


other in analyzed. 


INSTRUMENTS 
Accelerometers 


es DEVELOPMENT OF THE TYPES IT.3-1-1 AND 
“yee 3-2-1 ACCELEROMETERS. Appendix I - DESIGN 
7 CONSIDERATIONS OF THE MOVEMENT AND 


DAMPING SYSTEM. W. J. G. Cox. 


on the moving mass. 
MATERIALS 


Nonmetallic Materials 


66 pp. 16 refs. Experimental investigation of the 
temperature and mass histories of single droplets, 
with emphasis on small drops down to 500 microns, 
and comparison of these experimental histories with 
calculated ones. The time taken by a droplet va- 
porizing in high-temperature air to form a mixture 
of fuel vapor and air of combustible strength in the 
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1957. 30 pp. Analysis showing how basic results 
on the existence of faithful representations for con- 
nected Lie groups can be proved, ina relatively 
simple manner, by means of the extension theorem. 
In particular, the use of Ado's theorem on the ex- 
istence of a faithful representation for a Lie alge - 
bra is completely eliminated. On the other hand, 
proof is obtained by means of the technique of rep- 
resentative functions (here defined as functions of 
the universal enveloping algebra) for Zassenhaus' 
theorem which is an analog, for Lie algebras, of 
Ado's theorem; thus Ado's theorem is also proved. 


ON THE NUMERICAL EVALUATION OF THE 
STOKES' STREAM FUNCTION. Donald Greenspan. 
Math. Tables & Aids to Comp., July, 1957, pp. 


“ RAE TN Instn.158, Mar., 1957. 17 pp. Descrip- 
i tion of accelerometers which function on the princi- 
ple of proportionality between the deflection andap- 
plied acceleration of seismic spring-mounted mass. 
To obtain an optimum damping for steady-state ac- 
celerations and to avoid excessive overshoot under 
transient conditions, velocity damping is incorpo- 
rated, using a high-stability, fully shielded, per- 
manent magnet system inducing eddy-current drag 


HOW DIFFERING ADHESIVE PHYSICAL PROP- 
ERTIES CAN INFLUENCE HONEYCOMB SAND- 
WICH PERFORMANCE. W. C. O'Leary and A. F. 
Martin. SAMPE Conf., Los Angeles, Jan. 31-Feb. 


the composite honeycomb system. 


MATHEMATICS 


2, 1957, Paper 6. 48 pp. Investigation of three 
honeycomb adhesives by measurement of some per- 
formance characteristics of honeycomb sandwiches 
over a temperature range from -67° F. to 300° F. 
Data are presented for establishing the curing con- 
ditions which will produce sound bonded structures. 
Results indicate that a designed combination of two 
adhesives with widely varying physical properties 
can be made which will produce a single honeycomb 
adhesive system utilizing the advantages of both. 

It is further shown that tests on the honeycomb pan- 
els are the only reliable performance criteria for 


EXTENSIONS OF REPRESENTATIONS OF LIE 
GROUPS AND LIE ALGEBRAS. I. G. Hochschild 
and G. D. Mostow. Inst. Advanced Study, 


ton, N.J. (AFOSR TN 57-308) [AD 132379], June, 
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150-160. 15 refs. Numerical analysis of a Dirich- 
let-type problem which occurs in the study of axial- 
ly-symmetric problems in fluid dynamics, 


INVERSE BESSEL FUNCTIONS: SOLUTION FOR 
THE ZEROS. L. Gold, J. Math. & Phys., July, 
1957, pp. 167-171. 10 refs. USAF-Army-Navy- 
supported analysis showing how the inverse Bessel 
function of the first kind may be directly secured 
from the inverted Bessel equation, 


ALGEBRAIC METHODS FOR THE NUMERICAL 
ANALYSIS OF BUILT-UP SYSTEMS. B. Langefors. 
SAAB TN 38, 1957. 55 pp. 18 refs. Establish- 
ment and analysis of the method in which known 
matrix procedures for electric and static systems 
appear as special cases. Modern methods oflinear 
algebra are used for the main theory, and applica- 
tions require only familiarity with elementary ma- 
trix concepts and an understanding of the concept of 
transference. Achievements include a new and 
more general basis for analysis of built-up struc - 
tures, a more intuitional treatment by the concept 
of transference, a new method for solving systems 
of equations in a piecewise manner, a complete du- 
ality between force analysis and displacements a- 
nalysis for stiffened-shell structures of statics, 
and a formula for computing the redundancy of such 
structures. 


A FUNCTION-THEORETIC SOLUTION OF CER- 
TAIN INTEGRAL EQUATIONS. I. A. E. Heins 
and R. C. MacCamy. Carnegie Inst. Tech., Dept. 
Math., TR 18 (AFOSR TN 57-236) [AD 126533], 
May, 1957. 16 pp. Consideration of a type of inte- 
gral equation arising in the study of boundary prob- 
lems for elliptic, partial differential equations in 
two variables. The equation is converted into a 
functional relation for a multiple-valued analytic 
function defined on a Riemann surface, and the solu- 
tion to the relation is obtained. The method is car- 
ried out in detail for the integral equation of the 
Sommerfield half-plane problem. 


EXPANSIONS FOR PRODUCTS OF TWO WHIT- 
TAKER FUNCTIONS. F. M. Ragab. NYU Inst. 
Math. Sci., Div. Electromagn. Res., Res. Rep. 
BR-23 (AFOSR TN 57-419) [AD 132498], July, 1957. 
13 pp. Expansion of Whittaker functions and E- 
functions in terms of products of these functions. 
Includes expansion of the products of two Whittaker 
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functions or two E-functions in series involving 
these functions. The variable is the same in all 
terms of the series and the values of the parame- 
ters differ by integers. 


NEW DESIGNS FOR THE EXPLORATION OF 
RESPONSE SURFACES. R. L. Carter. N.C. U. 
Inst. Statistics, MS 172, (AFOSR TN 57-381) [AD 
132456], Investigation into the theory of experiment- 
al designs for the exploration of response surfaces, 
with particular attention given to the relationship 
between this theory and the conventional techniques 
of factorial design, and to means for obtaining new 
designs by combining and traneforming known de- 
signs, 


SOME CALCULATIONS ON A PARABOLIC 
DIFFERENTIAL EQUATION WITH FREE BOUND- 
ARY. M. L. Potters. Netherlands, Math. Cen- 
trum Rep. 359 b, 1957. 12 pp. Description of the 
method used to find approximate solutions - includ- 
ing a solution with a free start and a periodical so- 
lution - and presentation of some calculations con- 
nected with the physical problem, Integrations are 
performed on an electronic computer, 


MECHANICS 


ON THE FOUNDATION OF THE MECHANICS 
OF CONTINUOUS MEDIA. Walter Noll. Carnegie 
Inst. Tech., Dept. Math., TR 17 (AFOSR TN 57- 
352), June, 1957. 68 pp. Presentation of a rigor- 
ous theory for continium mechanics, A continuous 
body is defined as a piece of a differentiable mani- 
fold which is also a measure space. This definition 
gives an intrinsic description of a body independent 
of its various possible configurations in space, 
Forces are defined in terms of vector measures, 
and precise definitions of motions like body force, 
contact force,and mutual force are given. Classical 
mechanics are presented in a relativistic theory in 
which there are no preferred frames of reference, 
A general theory of material properties is given; 
the equations which characterize such properties 
are called constitutive equations. 


METEOROLOGY 


CLEAR-AIR TURBULENCE OVER THE UNITED 
STATES. LeRoy H. Clem. Aero. Eng. Rev., Nov., 
1957, pp. 63-68. Discussion of turbulence obser- 
vations collected and analyzed as part of the Air 
Force's Project Cloud Trail, and review of previ- 
ous research on clear-air turbulence. The Project's 
results indicate that high-level turbulence may be 
associated with recognizable synoptic features, and 
have systematic and seasonal variations. These 
findings suggest that the insidious aspect of clear- 
air turbulence - i.e., occurrence without warning - 
may be avoided to some extent by forecasting its 
probability of occurrence in association with the 
aforementioned synoptic situations. 


MISSILES 


GUIDED WEAPON ENGINEERING; AN INTRO- 
DUCTION TO GUIDED MISSILE DESIGN AND DE- 
VELOPMENT. B. J. Clemow. Aircraft Eng., 
Sept., 1957, pp. 258-267. 


Discussion covering 


steps and techniques in weapon development, man- 
agement of a weapon team, aerodynamics and mis- 
sile configuration, structure, boosts, propulsion, 
auxiliary power supplies, control-surface actuators, 
control system, guidance system, and instrumenta- 
tion. 


RELATIVISTIC TREATMENT OF ROCKET KIN- 
EMATICS AND PROPULSION. P. F. von Handel 
and H. Knothe. USAF HADC HDRR TM 57-ll, 
Sept., 1957. 86 pp. Study of general kinematics 
and propulsion of space vehicles within the frame- 
work of the special theory of relativity, The recep- 
tion and expulsion of particles and photons by a 
space vehicle as well as their kinematic effects are 
examined in detail, The optimization of the final 
velocity of the vehicle is determined as a paramet- 
ric function of the available energy and of the final 
mass (payload). 


MAXIMUM RANGES OF INTERCONTINENTAL 
MISSILES. D. F. Lawden. Aero. Quart., Aug., 
1957, pp. 269-278. Derivation of an analytical so- 
lution for the problem of programing the thrust 
direction to achieve maximum range on the earth's 
surface, assuming that the thrust magnitude is spe- 
cified. Earth curvature and rotation, and varia- 
tion of gravity with height, are taken into account, 
but air resistance is neglected. Motion is assumed 
to take place in the equatorial phase. Tables are 
included from which the optional trojectories of 
missiles may be computed when two design para- 
meters are known, and these tables are used to 
assess the advantage to be gained at extreme ranges 
by firing in the sense of the earth's rotafion rather 
than against it. 


THE STABILITY OF BODIES OF REVOLUTION 
AT VERY HIGH MACH NUMBERS. A. F. Charwat. 
Jet Propulsion, Aug., 1957, pp. 866-871. Applica- 
tion of Newtonian theory to define the important 
stability criteria and to study the permissible ap- 
proximations. Several numerical examples are 
worked out, It is shown that configurations with 
cylindrical afterbodies exhibit two possible equili- 
brium trajectories: (a) a vertical dive, and (b) a 
glide at an angle uniquely determined by the loca- 
tion of the c.g. The latter is the only completely 
stable trajectory. Results also indicate the impor- 
tance of the drag force in determining the stability 
of bluff bodies. 


OPTIMUM STAGING TECHNIQUE FOR MULTI- 
STAGED ROCKET VEHICLES. E. E. H. Schur- 
mann, Jet Propulsion, Aug., 1957, pp. 863-865. 
‘Preliminary-design method for determining, by a 
few short calculations, the optimum staging under 
a known set of conditions. The procedure is appli- 
cable for ballistic-missile and satellite-vehicle de- 
sign. Assumptions include constant thrust during 
any given stage, constant specific impulse, zero 
drag, and constant g. 


NAVIGATION 


SOME DESIGN PROBLEMS IN INERTIA NAVI- 
GATION. W. Cawood. France, ONERA, J.1.S.A., 
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Paris, May 27-29, 1957, Comptes Rendus, Pt. I, 
pp. 131-162. Detailed description of some of the 
fundamental components of inertial navigation sys - 
tems, with emphasis on design problems encoun- 
tered in the United Kingdom. The need for special 
test methods for such components is underlined. 
Includes a brief discussion of the fundamentals of 
inertia. 


POWER PLANTS 
Jet & Turbine 


INTERACTION DE L'ECOULEMENT EXTERNE 
ET DE L'ECOULEMENT INTERNE A LA SORTIE 
D'UN REACTEUR, AUX VITESSES TRANSSONIQUES 
ET SUPERSONIQUES. P. Carriere. France, 
ONERA, J.1.S.A., Paris, May 27-29, 1957, 
Comptes Rendus, Pt. I, pp. 43-69. 17 refs. In 
French. Analysis of the importance of interaction 
effects and presentation of some examples pertain- 
ing to the real thrust variations of a nozzle as re- 
lated to the theoretical maximum thrust in the case 
of varying external and internal flow conditions. 

By visualizing the flow, different aspects of the 
interaction phenomena can be emphasized, e.g., 
separation along the. wall or downstream of the 
throat, followed by reattachment of the two flows. 
Also presented is an analysis of the interaction phe- 
nomena, including the problem of boundary-layer 
separation produced by a rapid pressure increase, 
the influence of the laminar or turbulent state of 

the boundary layer, mathematical difficulties aris - 
ing, and some simple results obtained from Navier- 
Stokes equations. 


APPROXIMATION FOR THE EFFECT OF TWIST 
ON THE VIBRATION OF A TURBINE BLADE. Ap- 
pendix I - EXACT FORM OF THE FREQUENCY 
EQUATION. Appendix II - SOME FURTHER IN- 
TEGRALS RELATING TO THE VIBRATION OF A 
CANTILEVER BEAM. Appendix III - THE CASE 
WHEN r APPROACHES UNITY. VIBRATION OF 
A SLIGHTLY TWISTED SQUARE PRISM. A. I. 
Martin. Aero. Quart., Aug., 1957, pp. 291-308. 
12 refs. Application of the Clebsch-Kirchhoff theo- 
ry for rods which are naturally twisted,to derive 
equations for the flexural vibrations. The equations 
may be solved approximately by treating the twist 
as a first order perturbation. It is shown that, for 
a given overtone or harmonic, K (a function of the 
shape of the cross section) depends only on the ratio 
r of the two principal moments of inertia of the 
cross section. Values of K are tabulated for first, 
second, third, and fourth overtones. 


INLET-ENGINE MATCHING AND CONTROL 
SYSTEMS FOR SUPERSONIC AIRPLANES. C. F. 
Schueller. France, ONERA, J.1.S.A., Paris, 
May 27-29, 1957, Comptes Rendus, Pt. I, pp. 27- 
41. 12 refs. Discussion of the complications in 
inlet design associated with operation at higher 
Mach Numbers and illustration of some possible 
techniques for matching a supersonic inlet to a hy- 
pothetical turbojet engine. For air-breathing pow- 
er plants required to operate over a speed range 
up to Mach Number 4 it is concluded that (a) proper 
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inlet-engine matching, corresponding to nearly op- 
timum thrust minus drag performance, requires 
the use of some type of variable-geometry inlet; 

(b) critical operation of the inlet at less than the 
design speed will probably result in much more air- 
flow than a turbojet engine requires; and (c) closed- 
loop inlet-control systems can be designed toas- 
sure inlet operation at near optimum conditions, 
either by sensing the normal shock location or by 
sensing the diffuser Mach Number. 


Rocket 


DEMONSTRATING SYSTEM RELIABILITY BY 
THE SEQUENTIAL PROBABILITY RATIO TEST. 
Bernard Tiger, and W. H. Brewington, (ARS llth 
Annual Meeting, New York, Nov. 26-29, 1956.) Jet 
Propulsion, Aug., 1957, pp. 390,891. Presenta- 
tion of the test as a practical statistical approach 
for rocket systems and subsystems. Rather than 
predetermination of the sample size, the procedure 
involves continuation of testing and analysis of re- 
sults after each system is tested, until the results 
are sufficient to indicate a decision, Advantages 
cited include (a) a generally smaller sample size 
that that required by other statistical procedures 
and (b) all calculations can be done prior to testing 
and the test data can be recorded graphically with- 
out additional computations. 


EFFECT OF FLUID-SYSTEM PARAMETERS 
ON STARTING FLOW IN A LIQUID ROCKET. Ap- 
pendix A, B - PUMP EQUATIONS. Appendix C - 
DIFFERENTIAL EQUATIONS OF MOTION. R. P. 
Krebs. US, NACA TN 4034. Sept., 1957. 38 pp. 
Analysis to determine the influence of configuration 
parameters and valve area-time operating relations 
on the speed of response of the liquid flow and the 
suppressed suction head of the pump in a rocket 
motor. The configuration considered consists of 
tank, pump, combustion chamber, valves, and lines, 
including a bypass line with a valve around the pump. 
Results indicate that, for a given change in volume 
flow and given valve operating time, the maximum 
suppression head is minimized by a flow increase 
which is linear with time. The maximum suppres- 
sion head varies directly with the length of the suc- 
tion line to the pump, and inversely with the area 
of the line and the operating time of the main flow 
valve, 

INVESTIGATION OF THE FACTORS AFFECT- 
ING THE ATTACHMENT OF A LIQUID FILM TO 
A SOLID SURFACE. C. F. Warner and B. A. 
Reese. (ARS Fall Meeting, Buffalo, Sept. 24-26, 
1956.) Jet Propulsion, Aug., 1957, pp. 877-881. 
15 refs. ONR-sponsored experimental investiga - 
tion of the effects of liquid-injection velocity, gas 
velocity, slot geometry, liquid physical properties, 
and gas density on the film attachment when a pro- 
tective liquid film is injected through a slot in the 
walls of a flow passage. A correlating equation 
is presented which is based upon momentum ex- 
change for the case of radial injection. 


ROTATING WING AIRCRAFT 


INDEPENDENCE OF HELICOPTER ROTOR 
DERIVATIVES UNDER NON-UNIFORMITY OF 
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INDUCED VELOCITY DISTRIBUTION AT LOW 
FORWARD SPEED. W. W. Bryce. Coll. of Aero- 
nautics, Cranfield, Rep. 110, Nov., 1956. 48 pp. 
13 refs. Analysis of the effect of nonuniform in- 
duced velocity at low forward speeds using a para- 
bolic radial distribution which agrees well with the 
flight made by Brotherhood. To this has been add- 
ed a second induced velocity distribution, varying 
linearly from the front to the rear of the rotor disc, 
to allow for the effect of forward speed. The mag- 
nitude of this second induced velocity term depends 
on the advance ratio ss. Values of force coeffi- 
cients, flapping coefficients, and rotor derivatives 
are calculated for the low forward speed region 
with both uniform an nonuniform induced velocity. 


PROBLEMS ASSOCIATED WITH THESTRENGTH 
ASSESSMENT OF ROTOR BLADES. V. A. B. Rog- 
ers. Helicopter Assn. Gt. Brit. J., Aug., 1957, 
pp. 189-222; Discussion, pp. 222-236. Analysis of 
the different dynamical conditions associated with 
a complete ground-to-air flight cycle. The 
ground resonance is shown to be only a particular 
case of the lag-plane forced-oscillation problem. 
The calculation of the aerodynamic forced loading, 
used in conjunction with the dynamic equations, is 
discussed. An estimate of the modification neces- 
sary to bring calculated blade stress levels into 
line with those measured on the actual aircraft is 
given. It is concluded that a theoretical strength 
assessment is all right for design work, but it is 
necessary to verify the results thus obtained by 
adequate flight and structural testing in order to 
produce a safe aircraii. 


SPACE TRAVEL 


ORBITAL BEHAVIOR OF EARTH SATELLITES. 
I. R. E. Roberson. Franklin Inst. J., Sept., 
1957, pp. 181-202. 13 refs. Analysis on the effect 
of the oblateness of the earth on the orbits of close 
satellites. Includes a review of recent work inthis 
field and a discussion of some of the perturbation 
sources ona satellite orbit. A solution of the first 
order in the oblateness is developed by a method 
similar to Hansen's classical perturbation method 
for orbits about an oblate spheroid. Particular at- 
tention is given to the effect of initial conditions on 
the orbit elements. 


STRUCTURES 


A SIMPLE METHOD OF MATRIC STRUCTURAL 
ANALYSIS. II - EFFECTS OF TAPER AND CON- 
SIDERATION OF CURVATURE. Bertram Klein. 
J. Aero. Sci., Nov., 1957, pp. 813-820. Exten- 
sion of the previously presented matric method to 
include the effects of panel geometry and gage 
taper, stringer taper, and consideration of curved 
elements. Séveral problems are given to illus- 
trate the mechanics and simplicity of the extended 
method, which permits the necessary final equa- 
tions of equilibrium and compatibility to be written 
down directly and rapidly - once a structure is 
idealized - in final matrix form, without recourse 
to any artificial devices. The method makes it 
possible to obtain a complete solution to a prob- 
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lem, when such is required, and it allows for the 
direct treatment of cases involving thermal load- 
ings and combined thermal and regular loadings. 


THE DETERMINATION OF A FACTOR OF 
SAFETY ON THE BASIS OF A SINGLE PROBABILI- 
TY PARAMETER. J. Kloos and F. Turner. SAAB 
TN 37, 1957. 13 pp. Presentation of a procedure 
which permits application of Chilver's method for 
calculating in-service failure probability when 
maximum load in service is not fixed but is given 
by a probability distribution, compiled for the oc- 
currence of high loads. 


HANDBOOK OF STRUCTURAL STABILITY. 
I - BUCKLING OF FLAT PLATES. II - BUCKLING 
OF COMPOSITE ELEMENTS. III - BUCKLING OF 
CURVED PLATES AND SHELLS. George Gerard 
and Herbert Becker. US, NACA TN 3781, July- 
Aug., 1957. 102, 72, 154 pp. 184 refs, Critical 
review of various factors governing (a) the buck- 
ling of flat plates, (b) plates with sturdy stiffeners, 
and (c) the local buckling of stiffener sections, and 
review of available theories and test data on curved 
plates and shells. Results for (a), (b), and (c) are 
summarized in a comprehensive series of charts 
and tables, and numerical values are presented 
in some cases. Test data on torsion and external 
pressure for curved plates and shells are correlated 
for both the elastic and inelastic ranges, anda 
unified semi-empirical approach is used to analyze 
those cases for which analytical and experimental 
results are in marked disagreement, 


DETERMINATION OF CRIPPLING STRESSES 
FOR CURVED FRAMES OF ALCLAD 24S-T IN 
BENDING. Gunnar Anevi. SAAB TN 36, 1957. 73 
pp. Experimental investigation to create a basis 
for deciding the dimensions of curved frames of 
24S-T aluminum. One-hundred-fifty-six tests are 
performed on specimens designed to the dimen- 
sions and manufacturing method most frequently 
used at Saab. The testing method simulates as well 
as possible the actual loading conditions. Thecrip- 
pling stresses obtained are considerably higher for 
bending moments giving compression in the outer 
flange than for those giving compression in the in- 
ner flange. Results also indicate that the radius of 
curvature for the frame has a relatively large ef- 
fect on the crippling stress. A method for obtain- 
ing allowable crippling-stress values by means of 
a relatively simple formula is proposed. Results 
are analyzed with regard to weight efficiency. 


Beams & Columns 


EFFECT OF HIGHER-HARMONIC DEFLECTION 
COMPONENTS ON THE CREEP BUCKLING OF 
COLUMNS. S. A. Pateland J. Kempner. Aero. 
Quart., Aug., 1957, pp. 215-225. 10 refs. An- 
alysis which shows that the higher-harmonic deflec- 
tion components reduce the column lifetime signi- 
ficantly only when their initial amplitudes, as well 
as the initial amplitude of the first harmonic com- 
ponent, are very large. Furthermore, it is shown 
that second-harmonic components have a much 
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smaller effect on the column behavior than do third- 
harmonic components. 


BUCKLING BEHAVIOUR OF THE COMPRESSION 
FLANGE OF A WIDE-FLANGED BEAM. S. Krish- 
nanand S. G. Tewar. (Aero. Soc. India, 9th Annu- 
al Gen, Meeting, New Delhi, Feb. 23, 1957.) Aero. 


Soc. India J., May, 1957, pp. 15-27. Analytical 


determination of the buckling stress for the compres- 


sion flange of a wide-flanged beam subjected to uni- 
formly distributed load. A solution for the stress 
distribution is assumed, and a double series func- 
tion is postulated to represent the deflected surface 
of the flange plate. The strain energy of the bent 
plate is equated to work done and a minimum value 
of the buckling normal stress is obtained by min- 
imizing the strain energy with respect to the series 
coefficients, Values of buckling stress are comput- 
ed, and curves are drawn showing the variation of 
the maximum shear that causes buckling and the 
corresponding maximium normal stress in flange. 
For a given length of beam, the buckling normal 
stress is plotted against the length/width ratio. 


Cylinders & Shells 


ON THE DONNELL EQUATIONS AND DONNELL- 
TYPE EQUATIONS OF THIN CYLINDRICAL 
SHELLS. Yi-Yuan Yu. Syracuse U., Res. Inst., 
Mech. Eng. Dept. Rep. ME390-578TN3 (AFOSR 
TN 57-464) [AD 136455], Aug., 1957. 2l pp. 19 
refs. Review of previous work on Donnell equa- 
tions of thin cylindrical shells, both static and dy- 
namic. A complete set of Donnell-type dynamic 
equations, including the shear and rotation effects,is 
derived, which is shown to be reducible to the pre- 
vious results. In particular, from this set of Don- 
nell-type equations a set of Donnell dynamic equa- 
tions is deduced which also includes the shear and 
rotation effects. 


Elasticity & Plasticity 


_ PRACTICAL SOLUTION ON PLASTIC DEFOR- 
MATION PROBLEMS IN ELASTIC-PLASTIC RANGE 
Appendix A, B - CALCULATION OF PLASTIC 
STRAINS. Appendix C - EQUATIONS FOR THIN 
SHELL. Appendix D - PLASTIC STRAIN CHARTS. 
Appendix E - LONG SOLID CYLINDER. Appendix 
F - ROTATING DISK. A. MendelsonandS. S. Man- 
son. US, NACA TN 4088, Sept., 1957. 52pp. Pre- 
sentation of a method of successive approximations 
which is illustrated by four examples: a flat plate 
with temperature distribution across the width, a 
thin shell with axial temperature distribution, a 
solid cylinder with radial temperature distribution, 
and a rotating disc with radial temperature distri- 
bution, 


A GENERAL THEORY OF PIECEWISE LINEAR 
PLASTICITY BASED ON MAXIMUM SHEAR. P. 
G. Hodge, Jr. J. Mech. & Phys. Solids, No. 4, 
1957, pp. 242-260. 2l refs. ONR-sponsored de- 
velopment of a theory of plasticity for an initially 
isotropic material which satisfies the maximum 
shear stress initial yield condition. It is shown 
that the most general piecewise linear theory de- 
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pends upon the initial yield stress, the rate of 
hardening, and three constants which describe the 
effect of hardening upon the condition for further 
yielding. Consideration is also given to.a restrict- 
ed type of problem in which all stress points con- 
tinue to load on each face with which they come in 
contact. For such a problem the flow law can be 
explicitly integrated. Further, the classical prin- 
ciples of minimum potential and complementary 
energy are shown to be valid for this integrated 
law. The analysis is carried out in three-dimen- 
sional terms, and the case of plane stress is also 
considered. 


ON UNIQUENESS AND STABILITY IN THE 
THEORY OF FINITE ELASTIC STRAIN. R. Hill. 
J. Mech. & Phys. Solids, No. 4, 1957, pp. 229- 
241. 16 refs. Establishment of a criterion for 
deciding when a solution is or is not unique. This 
criterion is further shown to be closely related to 
the condition that a state of finite strain should be 
stable under dead loading. These related condi- 
tions are obtained in a simple form by appropriate 
choice of stress and strain variables. Analytical 
results indicate the existence of a suggestive con- 
nection between the structure of the criteria and 
the idea of functional convexity in relation to the 
strain-energy density; this concept is explained in 
detail. Finally, the stability limit is characterized 


by eigenfunctions, or adjacent positions of equilib- 
rium. 


ON THE PROBLEM OF UNIQUENESS IN THE 
THEORY OF A RIGID-PLASTIC SOLID. IV. R. 
Hill. J. Mech. & Phys. Solids, No. 4, 1957, pp. 
302-307. Characterization, by an extremum prop- 
erty in the set of virtual modes, of a sufficient con- 
dition previously obtained, in terms of the work- 
hardening rate, for the deformation mode in a prop- 
erly formulated boundary-value problem. 


THE EFFECTS OF INELASTIC ACTION ON 
THE RESISTANCE TO VARIOUS TYPES OF LOADS 
OF DUCTILE MEMBERS MADE FROM VARIOUS 
CLASSES OF METALS. IV - ECCENTRICALLY- 
LOADED COLUMNS HAVING ANGLE- AND T-SEC- 
TIONS, M. E. Clark and O. M. Sidebottom. V - 
INELASTIC BEHAVIOR OF ALUMINUM ALLOY I- 
BEAMS WITH ELLIPTICAL WEB SECTION CUT- 
OUTS, W. J. Worley. VI - A DIGITAL COMPUT- 
ER ANALYSIS OF BENDING MOMENT-AXIAL 
LOAD INTERACTION CURVES, Y. Maeda, P. Van 
Lierde, O. M. Sidebottom, and M. E. Clark. USAF 
WADC TR 56-330, Pts. IV, V, VI [AD 130765; 
130768; 118300], May, 1957. 31, 26, 34 pp. IV - 
Theoretical and experimental investigation to deter- 
mine the load necessary to produce any given depth 
of yielding in angle- and T-section columns subject- 
ed to eccentric loads. V - Extension of previous 
study on aluminum I-beam with elliptical web cut- 
outs to investigate plastic bending behavior, andap- 
plication of the upper bound theorem to predict the 
ultimate loads of the various beams. VI - Study 
using a strip method of integration to solve equa- 
tions of equilibrium for the members. 
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Plates 


STRESS DISTRIBUTION IN A RECTANGULAR 
PLATE UNDER A PAIR OF CONCENTRATED 
FORCES. N. Yamaki. Tohoku U., Rep. Inst. 
High Speed Mech., vol. 8, 1957, pp. 1-12. Theo- 
retical determination of the stress state in a rec- 
tangular plate under a pair of concentrated forces 
and calculation of the stress distribution along the 
two central axes for rectangular plates with vari- 
ous values of the aspect ratio. The results are 
compared with the experimental data obtained by 
the photoelastic method and by the resistance strain- 
gage method, and the validity of the solution is as- 
certained. 


PLASTIC BENDING OF AN ANNULAR PLATE, 
P. G. Hodge, Jr. J. Math. & Phys., July, 1957, 
pp. 130-137, 12 refs, Solution for an infinite annu- 
lar plate simply supported at the inner edge and 
subjected there to a prescribed moment, The ma- 
terial of the plate is rigid-plastic, satisfies Tres- 
ca's yield condition and associated plan rule, and 
hardens according to a linear isotropic law, The 
key to the solution is that the complete stress and 
strain solution in each portion of the plate depends 
only upon conditions outboard of that region, There- 
fore, as each new region is formed at the edge of 
the hole, appropriate initial conditions are immedi- 
ately available for integrating the flow laws. 


SPANNUNGSFELD DER AUF DEN RAND EINER 
ELASTISCH ANISOTROPEN HALBEBENE WIRKEN- 
DEN TANGENTIALKRAFT. H. H. Stadel- 
maier. ZAMP, July 25, 1957, pp. 285-290. In 
German, Presentation of a closed-form solution 
for the stress distribution obtained by solving the 
two-dimensional problem in an anisotropic medium 
with boundary conditions of a concentrated tangential 
load acting on the boundary of a semi-infinite plate. 
The solution is shown to be purely radial and is 
combined with the solution for a concentrated nor- 
mal load in order to solve the problem of an in- 
clined force acting on the boundary. 


BUCKLING OF A CIRCULAR PLATE UNDER 
LOCALLY DISTRIBUTED FORCES. N. Yamaki. 
Tohoku U., Rep. Inst. High Speed Mech., vol. 8, 
1957, pp. 13-24. Approximate solution for the 
problem of the elastic instability of a thin circular 
plate subjected to a pair of locally distributed 
forces applied on the edge. The Ritz method is 
used and the problem is solved for two cases - one 
in which the edge is clamped, and one in which it 
is simply supported. In each case, buckling loads 
and deflection surfaces for various values of the 
load width are calculated and the results are 
graphed and discussed. 


PLASTIC BENDING OF A RING SECTOR BY 
END COUPLES. W. M. Shepherd and F. A. 
Gaydon. J. Mech. & Phys. Solids, No. 4, 1957, 
pp. 296-301. Application of Hill's maximum work 
principle to the problem of the incipient plastic 
flow in plane stress in a uniform, isotropic, thin, 
plane plate of plastic-rigid material in the shape 
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of a ring sector, when the curved edges are free 
and the plate is in equilibrium under the action of 
couples applied, in the plane of the plate, to the 
straight edges. Both the Mises and Tresca yield 
criteria and their associated flow rules are used. 


PURE BENDING OF PRETWISTED RECTANGU- 
LAR PLATES. L. Maunder and E. Reissner. J. 
Mech. & Phys. Solids, No. 4, 1957, pp. 261-266. 
Derivation of an explicit solution which is a gener- 
alization of known simple solutions for plane stress 
and for transverse bending of flat plates. It is sug- 
gested that the results may have application to 
turbine and compressor blades, and to aircraft 
propellers. 


Thermal Stress 


THE STATE OF STRESS IN AN ELASTIC SEMI- 
SPACE DUE TO AN INSTANTANEOUS SOURCE OF 
HEAT. W. Nowacki. Acad, Pol. Sci. Bul., Aug., 
1957, pp. 165-173. Solutions obtained by determin- 
ing the Green function for the problem of heat 
sources constituting continuous functions of time 
and distributed over the region T of the plane z = 0. 
Since, in the case of continuous time,the state of 
stress can be treated as quasi-static, it is assumed 
that the inertia terms of the theory of elasticity can 
be disregarded. It is also assumed that the z = 0 
phase is thermally insulated, and that the tempera- 
ture distribution over the plane is zero except for 
the point where the heat source is located, 


A QUASI-STATIONARY THERMO-ELASTIC 
PROBLEM IN THREE DIMENSIONS. W. Nowacki, 
Acad. Pol, Sci. Bul., No. 3, 1957, pp. 155-163, 
Analysis to determine the displacement and stress 
which occur in an elastic semi-space due to the 
action of a source of heat (of intensity W) moving 
with a constant velocity v in the plane bounding the 
semi-space, The material is assumed to be ther- 
mally and elastically isotropic, and the values 
characterizing the material are assumed to be con- 
stant and independent of the temperature and stress, 
The stress solution is represented by Fourier inte- 
grals along with a function ¢ , the so-called poten- 
tial of thermoelastic displacement. 


THE STATE OF ©TRESS IN AN ELASTIC SPACE 
DUE TO A SOURCE OF HEAT VARYING HARMON- 
ICALLY IN FUNCTION OF TIME. W. Nowacki. 
Acad, Pol. Sci. Bul., No. 3, 1957, pp. 145-154, 
Analysis of a concentrated source of heat intensity, 
variable ina harmonic manner, acting at the point 
A which constitutes the origin of the coordinate 
system. The action of this source results in a time- 
variable temperature and stress field (T and ij, 
respectively) both of which vary in a harmonic man- 
ner, It is assumed that the frequency of vibration 
of the heat source is insignificant, so that the phe- 
nomenon under consideration can be treated as 
quasi-static, 


THEORY OF AIRCRAFT STRUCTURAL MOD- 
ELS SUBJECT TO AERODYNAMIC HEATING AND 
EXTERNAL LOADS. W. J. O'Sullivan, Jr. US, 


NACA TN 4115, Sept., 1957. 48 pp. Dimensional 
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analysis of the problem of investigating the simul- 
taneous effects of transient aerodynamic heating 
and external loads on aircraft structures. Such 
investigations are undertaken to determine the 
ability of the structure to withstand flights to super- 
sonic speeds. Results of the present study indicate 
that a structural model can be built which has the 
required similitude with respect to flow of heat 
through it, thermal stresses and deformations, and 
stresses and deformations due to external loads. 
For the conditions of negligible angular velocity 
and angular acceleration, the requisite simulation 
of in-flight heating and cooling phenomena is shown 
to be producible automatically by aerodynamic 
means. 


ANALYSIS OF DYNAMIC CREEP CONSIDERING 


STRAIN RATE EFFECTS. F. H. Vitovec. USAF 
WADC TR 57-104 [AD 130762], May, 1957. 16 pp. 


24 refs. Discussion and classification of the dy- 
namic creep behavior of a number of materials, 
with emphasis on the use of the stress-range dia- 
gram, derived from the creep rate-stress rela- 
tionship under static load, for determining the ac- 
celeration or retardation of dynamic creep. Spe- 
cial consideration is given to the effect of super- 
position of strain rate and creep rate. Retarda- 
tion is attributed to aging effects and to the strain- 
rate effects caused by alternating-stress frequency 
while acceleration is attributed to metallurgical 
changes and overtemperature at very high frequen- 
cies, 


EXPERIMENTAL INVESTIGATION OF CREEP 
BENDING AND BUCKLING OF THIN CIRCULAR 
CYLINDRICAL SHELLS. Burton Erickson, S. A. 
Patel, F. W. French, Samuel Lederman, and N. J. 
Hoff. U.S., NACA RM 57El7, July 23, 1957. 30 pp. 
Description of experimental equipment and results 
of tests on 43 cylinders of 5052-0 aluminum alloy 
subject to bending moments at a constant tempera- 
ture of 500°F. All the cylinders failed by buckling, 
and the time elapsed between load application and 
collapse is measured, 


THERMAL STRESSES IN AN INFINITE, HOL- 
LOW CASE-BONDEDCYLINDER. S. A. Zwick. Jet 
Propulsion, Aug., 1957, pp. 872-876. Derivation 
of formulas relating thermal stresses to the tem- 
perature distribution in an infinitely long, hollow 
cylinder, bonded at its outer surface to a cylin- 
drical shell, when the temperature of the outer 
shell is suddenly changed. Approximate relations 
are then obtained for the case of a thermally thin, 
but elastically thick, shell corresponding to the 
practical configuration of a plastic propellant 
“grain, '' case-bonded to a metallic shell. It is 
argued that, for the heat problem considered, the 
stresses will be monotonic functions of time and 
hence, the maximim stresses will occur either in- 
itially or finally. The solutions presented are ex- 
pected to be applicable also for approximating the 
stresses in a long but finite cylinder in regions 
where end effects can be neglected. 
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THERMODYNAMICS 


CHARACTERISTCS AND SOUND SPEED IN 
NONISENTROPIC GAS FLOWS WITH NONEQUI- 
LIBRIUM THERMODYNAMIC STATES. E. L. 
Resler, Jr. J. Aero. Sci., Nov., 1957, pp. 785- 
790. OSR-supported development of a theory ex- 
tending the method of characteristics to flow prob- 
lems involving lagging heat capacities and/or finite 
chemical reaction rates. Special cases appropri- 
ate to present high-speed flow problems are con- 
sidered in more detail - namely, heat-capacity 
lag and dissociation of a gas made up of diatomic 
molecules. The theory is easily adaptable to the 
usual finite-wave approximation used for computa- 
tions. 


THERMODYNAMIC PROPERTIES OF GASES: 
EQUATIONS DERIVED FROM THE BEATTIE- 
BRIDGEMAN EQUATION OF STATE ASSUMING 
VARIABLE SPECIFIC HEATS. R. E. Randall. 
USAF AEDC TR 57-10 [AD 135332], Aug., 1957. 44 
pp- Development of calculation procedures for 
isentropic expansions and flow through normal 
shock waves. The increase in the specific heats 
due to the vibration of diatomic molecules is in- 
cluded by assuming the molecules to be perfect har- 
monic oscillators. 


TEMPERATURES AND THERMAL STRESSES 
IN TRANSPIRATION-COOLED POWER-PRODUC- 
ING PLATES AND TUBES. P. J. Schneider. Jet 
Propulsion, Aug., 1957, pp. 882-889. 10 refs. 
Presentation of solutions for the local temperature, 
mean temperature, efficiency, surface temperature 
difference, and thermal stress in transpiration- 
cooled, porous plates and tubes generating uniform 
distributed heat. Eight special cases are consid- 
ered, four of which refer to the conventional case 
of the nongenerating, porous materials. 


Combustion 


TEMPERATURE STABILITY OF THE LAMINAR 
COMBUSTION WAVE. J. F. Wehner and J. B. 
Rosen, Comb, & Flame, Sept., 1957, pp. 339- 
345, 10 refs. OSR-supported consideration of a 
solution for a simplified form of the linearized 
time-dependent energy equation of a laminar flame, 
in order to develop a criterion for the stability of 
sucha flame. It is shown that for this energy equa- 
tion the stability is determined by the behavior of 
the concentration perturbation. The results also 
demonstrate that it is not justified to assume that 
the solution to any particular steady-state flame 
equation is always stable, 


A METHOD FOR DETERMINING MINIMUM IG- 
NITION ENERGIES: RESULTS FOR A NEO-PEN- 
TANE-AIR MIXTURE, I. W. Wolf and V. T. Bur- 
kett. Comb. & Flame, Sept., 1957, pp. 330- 
338. USAF-sponsored presentation of a technique 
involving the use of repeated pulsed arcs having 
near-square wave form as a means for controlling 
and measuring the energy input as a function of 
time. The pulses are spaced wide enough apart so 
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that there is sufficient time for dissipation of the 
thermal energy in the inter-electrode gap. Details 
of circuitry, electrodes, and fuel system are given. 


DETONATIONS IN GASEOUS FUMING NITRIC 
ACID-HYDROCARBON MIXTURES. D. H. Wayman 
and R. L. Potter. Comb. & Flame, Sept., 
1957, pp. 321-329. 12refs. ARDC-sponsored 
measurement of detonation velocities and de- 
termination of detonatable composition ranges for 
gaseous mixtures of fuming nitric acid with three 
hydrocarbons, n-heptane, methylcyclopentane, and 
toluene, and for fuming nitric acid/n-heptane mix- 
tures diluted with up to 60 vol. % nitrogen. 


I- PREDICTING THE LAMINAR FLAME SPEED 
IN GASES WITH TEMPERAT URE-EXPLICIT REAC- 
TION RATES. D. B. Spalding. Comb. & 
Flame, Sept., 1957, pp. 287-295. Presentation of 
a method for calculating flame velocities without 
solving a differential equation. The procedure is 
accurate to well within 1% in most cases, and relies 
on a property of the flame equations discovered by 
examination of numerous exact solutions. Graphs 
are presented for a wide range of parameters to 
permit estimation of the effect of departures from 
normality in diffusion coefficients on the flame 
velocity. The graphs are valid for cases of single- 
step reaction, of chain reactions obeying the steady- 
state approximation, and of simple chain-branching 
reactions. 


EXTRACTION OF IONS FROM A FLAME. J. 
Deckers and A. van Tiggelen. Comb. & 
Flame, Sept., 1957, pp. 281-286. EOARDC-FNRS- 
supported and sponsored description of the extrac - 
tion apparatus used in a new technique for studying 
ionization in flames. The technique is based on 
the extraction of ions from a flame and their separa- 
tion from the burnt gases. The extracted ions are 
successfully produced in a vacuum of 10-5 mm. of 
mercury. Indications are given concerning the 
concentration of the ions in a flame, as measured 
by this means. 


AN INVESTIGATION OF THE BEHAVIOUR AND 
REACTION MECHANISMS OF NITRIC ACID-HY- 
DROCARBON FLAMES. M. H. Boyer and P. E. 
Friebertshauser. Comb. & Flame, Sept., 
1957, pp. 264-280. 22 refs. WADC-supported de- 
scription of an apparatus for producing nitrogen 
and supported bunsen flames. Data are presented 
on the flame speed, flashback and blow-off limits, 
emission spectra, and analysis of combustion 
products, for flames burning mixtures of nitric 
acid vapor and propane or butane. A possible inter- 
pretation in terms of the reaction sequence through 
the combustion wave is presented. 


Il - ONE-DIMENSIONAL LAMINAR FLAME 
THEORY FOR TEMPERATURE-EXPLICIT REAC- 
TION RATES. D. B. Spalding. Comb. & 


Flame, Sept., 1957, pp. 296-307. Presentation of 
several exact solutions for flames with normal dif- 
fusion and with reaction rate explicit in tempera- 
ture. It is shown that, when the eigenvalue is de- 


fined in terms of the temperature-mean reaction 
rate, its value depends only on the position of the 
centroid of the reaction-rate function. Various ap- 
proximate theories are evaluated, with Wilde's 
emerging as the most satisfactory. The latter 
method is developed to provide general relations 
for the effect of reactant and radical diffusion coef- 
ficients on the flame velocity. 


A FLOW REACTOR FOR HIGH TEMPERATURE 
REACTION KINETICS. L. Crocco, I. Glassman, 
and I. E. Smith. Princeton U., Dept. Aero. Eng. 
Rep. 398 (AFOSR TN 57-373) [AD 132445], June 7, 
1957. 7 pp. Description of a flow reactor designed 
to study the reaction kinetics of propellants at 
high temperatures. In principle, the apparatus 
consists of a tubular duct in which a high-tempera- 
ture stream of inert gas flows. A secondary cold 
stream of monopropellant or oxidizer mixture is 
introduced and mixed rapidly, thus simulating a 
rocket combustion chamber without the complica- 
tion of recirculation. Downstream of the injection 
point reaction begins and continues until all the re- 
actants are consumed. By varying the velocity of 
the inert carrier gas, the reaction zone may be ex- 
tended over any desired length. When only a small 
quantity of the reactants - compared with the mass 
flow of the carrier - is introduced, the decrease in 
temperature due to the mixing of the two streams 
is small, as is the increase in temperature due to 
the exothermic reaction. 


Heat Transfer 


ON THE CONVECTION OF HEAT FROM CYLIN- 
DERS IMMERSED IN A LOW-SPEED STREAM OF 
INCOMPRESSIBLE FLUID. S. Tomotika and H. 
Yosinobu. J. Math. & Phys., July, 1957, pp. 112- 
120, derivation of the exact solution for the equa- 
tion which was solved only approximately by Piercy 
and Winney. The exact expression for the total 
heat-transfer from the surface of the cylinder is 
determined. An expansion formula, correct toa 
third approximation, is also obtained from the exact 
expression, Numerical values of the total heat 
transfer are computed by the exact and expansion 
formulas, and are compared with those calculated 
by using the corresponding Piercy and Winney's 
approximate formulas for wall and large velocities, 


TURBULENT CONVECTION OVER A HEATED 
HORIZONTAL SURFACE. D B. Thomas and A. 
A. Townsend. J. Fluid Mech., July, 1957, pp. 
473-492. Investigation to provide experimental 
material for the testing of existing theories of con- 
vection and the development of new ones. Detailed 
measurements are made of the temperature field 
in natural convection above a heated horizontal sur- 
face in air, with and without a cold upper boundary. 
Using a variety of experimental techniques, it is 
possible to measure heat transfer, mean tempera- 
ture profiles, mean squares of the temperature 
fluctuations, and the autocorrelation functions of 
the temperature fluctuations. The results are 
compared with the similarity theory of Priestley 
and the neutral stability theory of Malkus. Both of 
these theories lead to the conclusion that, for con- 
vection between parallel planes at high Rayleigh 
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Numbers, nearly the whole of the mean tempera- 
ture variation occurs in comparatively thin surface 
layers whose mutual interaction is small. 


HEAT TRANSFER IN TURBULENT PIPE FLOW. 
R. R. Hunziker. Reed Res., Inc., RR-1167-B TN 
1 (AFOSR TN 57-219) [AD 126517], Apr. 14, 1957. 

77 pp. 50 refs. Analysis of heat transfer from 
turbulent flow in pipes and between parallel plates. 
The corresponding boundary-value problems for 
temperature distribution in circular pipe and paral- 
lel plates are solved by application of Laplace's 
transformation. The use of Pai's velocity and cor- 
relation distribution allows a consistent determina- 
tion of the eddy diffusivity of heat ¢,. Anew and 
better fitting to the experimental Nusselt Number 
data for liquid metals is obtained. 


CONTRIBUTION A L'ETUDE DE LA CONVEC- 
TION FORCEE DE LA CHALEUR SUR DES PA- 
ROIS RUGUEUSES. Giovanni Brunello. France, 
Min. de l'Air PST 332, 1957. 77 pp. 35 refs. 
SDIT, 2, Av. Porte-d'Issy, Paris 15, Frs. 1,350. 
In French. Study of the forced heat convection on 
rough surfaces including application to heated cylin- 
ders placed perpendicular to the flow, development 
of a method to determine the quantity of heat ex- 
changed.between a surface and a moving fluid, and 
study of heat convection and friction in the case of 
plates parallel to the flow. 


TRACKS 


DESIGN CONSIDERATIONS OF TWO LARGE 
LIQUID ROCKET SLED PUSHER VEHICLES, H. 
Davies and D. S. Smith. Jet Propulsion, Sept., 
1957, pp. 999-1, 006. Discussion of propellant selec - 
tion, power-plant system, vehicle structure, and 
control system for two vehicles, one transonic and 
the other supersonic, The two vehicles are devel- 
oped to propel test sleds mounting large-size, full- 
scale aircraft components or structures over a wide 
range of velocities up to Mach 2, 


LIQUID ROCKETS FOR SUPERSONIC SLEDS, 
C. E. Roth Jr. and H. M. Poland. Jet Propulsion, 
Sept: , 1957, pp. 1, 006-1, 011. Discussion of the pre- 
liminary design phase for a sled considering the 
impulse-to -weight ratio of the rocket and sled sys- 
tems, together with drag, track length, and track 
friction, Additional requirements include the need 
for variable duration, variable thrust, repeated op- 
eration, command shutdown, and jail-safe design, 
The static and dynamic test programs are fully out- 
lined. 


SUPERSONIC TRACK FACILITIES AT THE 
NAVAL ORDANCE TEST STATION. Appendix - 
SNORT CARRIAGE DESIGN. B. R. Egbert and D. P. 
Ankeney, Jet Propulsion, Sept., 1957, pp. 985- 
991. Discussion of the three high-speed tracks at 
China Lake, The telemetry and photography instru- 
mentation is described and the operation of the basic 
measuring system to find sled position vs. time is 
explained. The carriage design is studied with 
emphasis on the importance of correct initial design 
study. 
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VTOL & STOL 


DESIGN CONSIDERATIONS FOR TILT-WING 
TYPE VTOL AIRCRAFT. B. W. McCormick, Jr., 
and Joseph Mallen. (AHS 3rd Annual Western For- 
um, Dallas, Oct. 9, 1956.) AHS J., July, 1957, 
pp. 49-55, Comparison between a tilt-wing, pro- 
peller-driven VTOL aircraft and a conventional 
helicopter - both designed to a common mission, 
Gross weight, general design features, and basic 
aerodynamic parameters are discussed briefly, as 
is the problem of propeller aerodynamics, Treat- 
ment includes determination of the motion of the 
aircraft during transition from the hovering to the 
airplane state, or vice versa, and investigation of 
the behavior of the aircraft following a partial or 
complete power failure in the hovering state, 


WATER-BORNE AIRCRAFT 


IMPACT-LOADS INVESTIGATION OF CHINE- 
IMMERSED MODEL HAVING A CIRCULAR-ARC 
TRANSVERSE SHAPE. P. M. Edge, Jr. US, 
NACA TN 4103, Sept., 1957. 35 pp. Test results 
on a model having a circular-arc cross section 
with a radius of one beam. The coefficients of 
loads and motion are presented in figures as a func- 
tion of trim and initial flight-path angles, The cir- 
cular-arc model experiences loads about 10% great- 
er than those predicted by theory for this configura- 
tion, These loads are as much as 12% less than 
those measured under similar conditions for a mod- 
el with concave-convex cross section having a 
similar effective angle of dead rise, 


IMPACT-LOADS INVESTIGATION OF A CHINE- 
IMMERSED MODEL HAVING A LONGITUDINALLY 
CURVED BOW AND A V-BOTTOM WITH A DEAD- 
RISE ANGLE OF 30°, P. M. Edge, Jr., and J. S. 
Mixon. US, NACA TN 4106, Sept., 1957. 24 pp. 
Experimental investigation made in smooth water 
at a beam-loading coefficient of 18.8 with the trim 
angle held fixed throughout each impact. Impacts 
with forward speed are made over a range of trim 
angles from -3° to 30°, and initial flight-path an- 
gles from 3.5° to 27°, Data are presented for de- 
termining the extent of bow immersion during the 
impacts. The curved bow is found to be not im- 
mersed at the high trim angles (15° and 30°), only 
slightly immersed at angles of 6° and 9°, and al- 
most totally immersed at turn angles of 39 or be- 
low. The maximum impact loads are shown to be 
in substantial agreement with loads predicted by 
theory for the non-bow-immersed case. 


WIND TUNNELS & RESEARCH FACILITIES 


JET SIMULATION IN THE WIND TUNNEL. 
E. E. Covert. MIT NSL TR 252, July, 1957. 14 pp. 
Brief discussion indicating that simulation in sub- 
sonic tests is relatively easy to achieve and that 
either hot or cold jets are satisfactory. In the sub- 
sonic test, the proper similitude parameter is the 
thrust coefficient. It is suggested that in super- 


sonic tests two suitable approximations can be made. 


If the field near the jet is of importance, the flow 
turning angle and the jet Mach Number govern the 
flow. 
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Painting by Chesley Bonestell from the book The Exploration of Mars by Willy Ley, Wernher Von Braun and Chesley Bonestell, published by Viking Press ($4.95) @C.B. 


Fenwal will help bring 'em back alive 


Space men exploring Mars not 
only take along their own at- 
mosphere but bring it back. 
When you say “climate” you have 
to include “temperature”... and 
when you say “temperature con- 
trol” you can’t be comprehensive 
without saying ‘“‘Fenwal.” 

Since the Mars explorers will be 
gone some three years, reliability 
in temperature control is crucial, 
to sav the least. 

Fenwal advanced engineering 
not only includes the imaginative, 


but the practical, too. Fenwal’s 
current work on thermistor sens- 
ing devices will be a good experi- 
ence platform for space platforms. 
These devices already include, in 
their many forms, “‘skin tempera- 
ture sensing”’ in aircraft and mis- 


siles and protecting windshields 
from overheating. 

To enlist Fenwal’s ability to 
help meet your present and future 
control problems, write Fenwal 
Incorporated, Aviation Products 
Division, Ashland, Massachusetts. 


Controls Temperature... Precisely 
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THERMISTOR SYSTEMS PLAYING BIG ROLE 
AIRCRAFT APPLICATIONS 


Thermistor Systems 
Ideal For Many Uses 


ASHLAND, MASS. — Fenwal 
Thermistors can be made no bigger 
than a needle-point — yet they are 
more versatile than products 100 
times their size! But that’s just 
one reason why thermistor systems 
are making aviation news. 

Fenwal Thermistors are highly 
sensitive, lightweight, shock and 
vibration resistant and extremely 
reliable. They have an almost un- 
limited life because they are virtu- 
ally unaffected by most environ- 
mental and climatic conditions. 
Here are more features that open 
up many new aircraft system ap- 
plications. 


Plentiful Signal for ‘'Hot-Spot’’ 
and Average Sensing! Thermistors 
change resistance as much as 6000 
ohms in 10°F! This substantial 
signal output tied into peak mix- 
ing circuits in the control unit al- 
lows you to detect, indicate or con- 
trol conditions in one or hundreds 
of locations with the amplifier lo- 
cated at any convenient place in 
the airframe. Systems can also be 
designed to report average condi- 
tions throughout the controlled 
area. 


No Special Wiring, No Moving 
Parts. You don’t need special wire 
with a thermistor system — you 
select the wire solely on the basis 
of electrical and environmental 
conditions. There are no moving 
parts in the monitoring circuit to 


THE FENWAL THERMISTOR OVER-HEAT DETECTOR warns the pilot if the windshield becomes 
overheated. The thermistor is located at the tip of a spring loaded probe which con- 
veniently screws into one of the positions normally occupied by one of the screws which 


holds the windshield in place! 


wear — thermistor systems are all- 
electronic. 

System applications are limit- 
less. Current system applications 
include: baggage compartment fire 
detection, skin sensing controls 
and “cooling effect’? detection. 
Whatever the application it seems 
certain that Fenwal Thermistor 
Systems will become increasingly 
more useful in the aircraft of to- 
morrow. 


Contact Your Fenwal Representative 


Your local Fenwal sales engineer 
can help you solve your aircraft 


problems. He can supply you with 
more information on Fenwal 
Thermistor Systems and _ their 
many specific applications. Or if 
you prefer, write to Fenwal direct 
and we will be happy to send you 
more information. Fenwal Incorpo- 
rated, Aviation Products Division, 
1710 Pleasant St., Ashland, Mass. 


CONTROLS TEMPERATURE 
PRECISELY 
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Bruce E. Tinling and. Armando E. Lopez. 
JI—Lateral and Directional Characteris- 
tics. Howard F: Savage and Bruce E. 


Tinling. U:S., NACA TN 4041, TN 
4042, July, Aug., 1957. 85, 82 pp. 20 
refs. 


Stability & Control 


An Approximation to the Slow Mode of 
Longitudinally Disturbed Motion of an 
Aircraft in Level Flight. A. W. Thorpe. 
Gt. Brit., ARC R&M 2907 (Sept., 1951), 
1957. 27 pp. BIS, New York, $1.44. 

Ground Effect. Murray Marks. Shell 
Av. News, June, 1957, pp. 10, 11. Dis- 
cussion, from the pilot’s point of view, of 
the influence of ground effect on aircraft 
performance and on stability and control. 

Cross-Coupling Dynamics and the Prob- 
lems of Automatic Control in Rapid Rolls. 
J. D. Welch and R. E. Wilson. (JAS 
25th Annual Meeting, New York, Jan. 
28-31, 1957, Preprint 691.) J. Aero. Sci., 
Oct., 1957, pp. 741-754. Review of some 
of the fundamental problems of inertial 
cross coupling, with special emphasis on 
the inertia coupling terms which may 
cause apparently similar aircraft to exhibit 
different characteristics. Typical time 
histories of all the components are pre- 
sented, along with a simplified method for 
analyzing the control problem and a dis- 
cussion of the practical problems, such as 
measurement and reliability. 

Régimes de Tonneaux Non Controlés. 
Marcel Bismut. La Recherche Aéronau- 
tique, May-June, 1957, pp. 3-8. In 
French. Theoretical study of the uncon- 
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trolled rates of roll using an analog com- 
puter. 

Stability and Control Problems of Super- 
sonic Aircraft. I. O. E. Michaelsen. 
(Canada, NAE Quart. Bul., Apr.-June, 
1956.) Aircraft Eng., Aug., 1957, pp. 
241-247. 


Wings & Airfoils 


Measurements of the Aerodynamic 
Derivatives for Swept Wings of Low As- 
pect Ratio Describing Pitching and Plung- 
ing Oscillations in Incompressible Flow. 
C. Scruton, L. Woodgate, and A. J. 
Alexander. Gt. Brit., ARC R&M 2925 
(Oct., 1953), 1957. 35 pp. 12 refs. 
BIS, New York, $1.80. Experimental 
investigation for two axis positions on (a) 
a clipped delta wing of aspect ratio 1.2, 
(b) a complete delta wing of aspect ratio 
1.6, and (c) an arrowhead wing of aspect 
ratio 1.32. Results for (a) and (c) are 
compared with values calculated by the 
vortex-lattice and the Multhopp-Garner 
analytical methods; results for (b) are 
compared with Garner and Lawrence- 
Gerber calculations. 

Ground Effects on the Longitudinal 
Characteristics of Two Models with Wings 
Having Low Aspect Ratio and Pointed 
Tips. Appendix—Application of the Tani 
Method for Estimating Ground Effects. 
Donald A. Buell and Bruce E. Tinling. 
U.S., NACA TN 4044, July, 1957. 48pp. 

An Analysis of Available Data on the 
Local Aerodynamic Centres of Aerofoils in 
Two- and Three-Dimensional Flow. A. 
S. Taylor. Gt. Brit., ARC R&M 3000, 
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(Jan., 1951) 1957. 
New York, $2.70. 

Experimentelle und theoretische Unter- 
suchungen an Deltafliigel-Rumpf-Anord- 
nungen bei symmetrischer Anstrémung. 
Erich Truckenbrodt and Klaus Gersten. 
(Braunschweig Tech. Hochschule Inst. 
Strémungsmech., B56/20, June 7, 1956). 
ZFW, July, 1957, pp. 204-216. 25 refs. 
In German. Results of three component 
measurements on delta-wing fuselage com- 
binations with large variations in fuselage. 

Methods for Determining the Wave 
Drag of Non-Lifting Wing-Body Com- 
binations. Appendix—Numerical Pro- 
cedures for Calculating the Mean or 
Transferred Area Distribution of a Wing. 
L. M. Sheppard. (Gt. Brit., RAE TN 
Aero.2427, Nov., 1955.) Gt. Brit., RAE 
Rep. Aero.2590, Apr., 1957. 39 pp. 38 
refs. Discussion of the area-rule, moment- 
of-area-rule, and transfer-rule methods. 

Nonlifting Wing-Body Combinations 
with Certain Geometric Restraints Hav- 
ing Minimum Wave Drag at Low Super- 
sonic Speeds. Harvard Lomax. U.S., 
NACA Rep. 1297, 1957. 11 pp. 11 refs. 
Supt. of Doc., Wash., $0.20. Analysis of 
several variational problems involving 
optimum wing-body combinations which 
have minimum wave drags for different 
kinds of geometrical restraints. Particu- 
lar attention is paid to the effect on the 
wave drag of shortening the fuselage and, 
for slender axially symmetric bodies, the 
effect of fixing the fuselage diameter at 
several points or even of fixing whole por- 
tions of its shape. 


52 pp. d8refs. BIS, 


Synthesis and production SUSTAINED CONTROLLABLE 
of refractories, ceramic 
TEMPERATURES THAT VAPORIZE 
AND IONIZE ALL MATTER...WITH 
research. 
PLASMAJET 
which 
cag Plasmajet is the new engineering application of 
: AERODYNAMICS | thermal and magnetohydrodynamic “pinch effects” 
with Hypersonic wind tunnels, 
high energy jets, 4 producing controlled conversion of electrical energy 
nwal upper into thermal and kinetic excitation of 
atmosphere environments, — ases and vapors. 
their g 
Ir if - Production models are available in sizes ranging 
F from laboratory units to large environmental 
irect 
installations. 
you 
sion, Engineering or consulting 
lass. services are available 


for special installations 
and modifications. 


PLASMA TRON 


A DIVISION OF GIANNINI RESEARCH 


RESEARCH 
High energy discharge 
physics, plasma dynamics, 
ionization-recombination 
phenomena, chemilumi- 
nescence, transport 
mechanisms, nuclear and 
thermonuclear physics. 


TRADEMARK 


18400 South Main ¢ Santa Ana, California * Kimberly 5-7171 


URE 


. 
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Aeroelasticity 


The Theoretical Determination of Nor- 
mal Modes and Frequencies of Vibration. 
Appendix I—Bibliography of Methods of 
Determination of Normal Vibration Modes 
and Frequencies. Appendix I1—Ducan’s 
Displacement Functions. Appendix I1I— 


The Escalator Method. 1. T. Minhinnick. 
(Gt. Brit., RAE Rep. Struc.197, Jan., 
1956; NATO AGARD Structures and 


Materials Panel, Washington, Apr. 10- 
17, 1956.) NATO AGARD Rep. 36, 
Apr., 1956. 39 pp. 96 refs. 

Aerodynamic Coefficients for an Oscil- 
lating Delta Wing. Doris E. Lehrian. 
Gt. Brit., ARC R&M 2841 (July, 1951), 
1957. 10 pp. BIS, New York, $0.63. 
Detailed development of Jones’ previously 
outlined method for calculating flutter 
derivatives, and application of the method 
to a delta wing of aspect ratio 3 and 90° 
apex angle describing pitching and trans- 
lational oscillations. 

The Response of Mechanical Systems 
to Random Excitation. W. T. Thomson 
and M. W. Barton. (ASME Appl. 
Mech. Western Div. Conf., Pasadena, June 
11-13, 1956.) J. Appl. Mech., June, 1957, 
pp. 248-251. Presentation ot a statistical 
treatment for a linear structure excited 
by random forces. Knowing the normal 
vibration modes of the structure and the 
power spectral density of the excitation, 
the mean-square response can be evaluated. 
The probability of the response is then 
available under an assumption of normal 
distribution. 

Problémes Particuliers de Flottement 
Relatifs aux Gouvernes et aux Tabs. 
G. de Vries. La Recherche Aéronautique, 
May-June, 1957, pp. 49-53. In French. 
Study of specific flutter problems related 
to rudder and tab controls. 

Méthode Energétique pour la Détection 
des Modes de Vibration Responsables du 
Risque de Flottement. C. Béatrix. La 
Recherche Aéronautique, May-June, 1957, 
pp. 41-48. In French. Development of 
a method for determining vibration modes 
that might provoke flutter. 

The Vibration of Frames. R. FE. D. 
Bishop. IME Proc., No. 29, 1956, pp. 
955-967; Communications, p. 968. 12 
refs. Presentation of a method for the 
numerical calculation of the natural fre- 
quencies of plane frames. 

Ob Ustoichivosti Paneli, Dvizhush- 
cheisia v Gaze. A. A. Movehan. Prikl. 
Mat. 1. Mekh., Mar.-Apr., 1957, pp. 231- 
243. In Russian. Study of the stability 
of a rectangular plate under constant 
stress in supersonic flow. 

Kolebaniia Kvazilineinykh Sistem s 


Neanaliticheskoi Kharakteristikoi Neli- 
neinosti. S. N.Shimanov. Prikl. Mat. i 


Mekh., Mar.-Apr., 1957, pp. 244-252. In 
Russian. Development of a method for 
determining periodic oscillations in quasi- 
linear systems with a nonanalytic non- 
linearity characteristic. 

O Kolebaniiakh Tverdogo Tela, Soder- 
zhashchego Zhidkost’ so Svobodnoi Po- 
verkhnost’iu. S.G. Krein and N. N. Moi- 
seev. Prikl. Mat. i Mekh., Mar.-Apr., 
1957, pp. 169-174. In Russian. Study 
of oscillations of a body partly filled with 
liquid. 

Recent Research on the Determination 
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of Natural Modes and Frequencies of Air- 
craft Wing Structures. John M. Hedge- 
peth. (NATO AGARD Structures 
Materials Panel, 3rd Meeting, Washington, 
Apr. 10-17, 1956.) NATO AGARD Rep. 
37, Apr., 1956. 24 pp. 17 refs. Assess- 
ment of the importance of various effects 
such as transverse shear flexibility, shear 
lag, restraint of warping, longitudinal 
(rotary) inertia, and cross-sectional de- 
formability. The substitute stringer 
method of incorporating the effects of shear 
lag into the analysis of box-beam vibra- 
tion is outlined. 

Flutter Calculations on a Supersonic 
Aircraft Wing. T. Niblett. Gt. Brit., 
ARC CP 328 (Jan., 1955) 1957. 16 pp. 
BIS, New York, $0.45. Analysis of a 
straight-tapered unswept wing of low as- 
pect ratio, both with and without wing 
engines, in order to determine the stiffness 
necessary to avoid flutter up to Mach 2, 
and to learn whether wing engines can be 
used to massbalance the wing effectively. 

The Transient Downwash Resulting 
from the Encounter of an Airfoil With a 
Moving Gust Field. Norman P. Hobbs. 
(IAS 25th Annual Meeting, New York, 
Jan. 28-31, 1957, Preprint 687.) J. Aero. 
Sct., Oct., 1957, pp. 731-740, 754. De- 
termination of the transient downwash 
occurring at downstream positions in the 
plane of the airfoil for incompressible 
nonviscous flow. 

Solicitarile Aripilor de Avion in Rafale. 
I. Radulescu. Rev. Transp., June, 1957, 
pp. 267-270. In Rumanian. Develop- 
ment of a method to determine the dy- 
namic gust-induced wing and tail loading. 

Preliminary Report on a Gust Alleviator 
Investigation on a Lancaster Aircraft. 
Appendix I—The Effect of Gust Alleviator 
on Aircraft Stability. Appendix II—The 
Effect of Pitching Moment of Ailerons on 
the Gust Alleviator Effectiveness. Ap- 
pendix III—-Gust Alleviator Lancaster 
ME.540; Pilot’s Handling. J.Zbrozek, K. 
W. Smith, and D. White. Gt. Brit., ARC 


R&M 2972 (Aug., 1953), 1957. 42 pp. 
11 refs. BIS, New York, $2.25. Analy- 
sis of statistical measurements of c.g. 


accelerations. 


The Effect of a Wind Gradient on the 
Rate of Climb of an Aircraft. W. A. 


Mair. Gt. Brit., ARC R&M 2953 (Jan., 
1954) 1957. 9 pp. BIS, New York, 
$0.54. Theoretical investigation into the 


behavior of an aircraft climbing in the 
presence of a wind gradient. 

Some Aspects of Ground and Flight 
Vibration Tests. R. Mazet. (France, 
ONERA NT 34, 1956.) Gt. Brit., MOS 
TIL/T4752, Apr., 1957. 13 pp. De- 
scription of two particular features of the 
method used at ONERA to calculate the 
critical speeds of prototype aircraft from 
ground vibration tests, and to test their 
aeroelastic stability in flight. 

A Versatile Control Equipment for 
Fatigue Testing. W. F. Coulshed and 
D. S. Moore. Aircraft Eng., July, 1957, 
pp. 219-221. Description of an _ elec- 
tronic control unit for fluctuating load 
cycles. 


Aeronautics, General 


Special Issue: Research and Develop- 
ment Technical Handbook 1957-1958. 


Av. Age, 1957-1958. 492 pp. Contents: 
System Engineering; Aerodynamics and 
Structures; Propulsion; Aviation Elec. 
tronics; Accessory Systems; Materials; 
Production Engineering; Testing; Com- 
puters and Data Processing; Flight Op- 
erations; Ground Services and Mainte- 
nance Engineering; and Research and De- 
velopment Laboratories. 

Mechanical Storage, Handling, Re- 
trieval and Supply of Information. Ralph 
R. Shaw. (NATO AGA RD Documentation 
Comm., 6th Meeting, Rome, Feb. 20-25, 
1956.) NATO AGARD Rep. 50, Feb., 


1956. 34 pp. 
Forecasting Aviation’s Growth. Sey- 
mour J. Deitchman. Res. Trends (Cor- 


nell Aero. Lab.), Summer, 1957, pp. 1-4, 
Discussion of methods used to predict 
commercial aviation growth in the United 
States between 1956 and 1975. 

For Naval Aviation: A Bright Future 
from a Distinguished Past. 
Gates, Jr. Aero. Eng. Rev., Oct., 1957, pp. 
42, 48, 85. Discussion of the role of the 
Navy in the world today, the part played 
by aviation, and industry’s job in supply- 
ing naval aircraft. 

Matching of Operational Languages in 
Documentary Systems. R.A. Fairthorne. 
(NATO AGARD Documentation Comm., 
6th Meeting, Rome, Feb. 20-25, 1956.) 
NATO AGARD Rep. 49, Feb., 1956. 12 
pp. Discussion of the clerical tasks in 
terms of sequences of elementary observa- 
tions, identifications, and manipulations 
of marked objects. 


Research for High-Speed Aircraft. 
Samuel A. Gordon. Battelle Tech. Rev., 
Aug., 1957, pp. 3-7. Discussion of new 
research approaches and techniques re- 
quired in order to penetrate the ‘thermal 
thicket.” 

Technologie et Matiéres Premiéres; 
Aviation Aux Etats-Unis; Lecons d’une 
Mission. J. Benichou. Docaéro, June, 
1957, pp. 21-28. In French. Review 
of the activities of the American aviation 
industry including planning, selection and 
application of different materials, tests, 
and studies. 


Thomas 


Air Transportation 


Special Issue: Canadian Air Transport. 
Aircraft (Canada), July, 1957. 23 pp. 
Contents: Civil Aviation—1957. The 
Executives Report. An ATB Look at 
the Carriers’ Year, W. J. Matthews. The 
Turn to Turbines. What is this “ATC 
Problem,” C. C. Bogart. MCA Delivers 
the Goods. Air Survey, D. N. Kendall. 
The Battle Goes On. Bush Work to Keep 
Canada’s Helicopters Hopping, Carl Agar. 
On the Business Side. Airport Expansion 
in Canada, Harold J. Connolly. 

Outlook for Commercial Aviation. M. 
R. Robinson. Air Line Pilot, July, 1957, 
pp. 6-8. Discussion of expected expan- 
sion. Details are given regarding the 
intercity market, international traffic, 
and the air cargo market. The impact of 
jets on the future of the industry is con- 
sidered, and a specific forecast for this 
future is presented. 

The Whistlestop Run. Bee-Hive, Sum- 
mer, 1957, pp. 2-12. Discussion of op- 
erational and equipment problems en- 
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DIGITAL COMPUTER SYSTEMS ENGINEER Sherman 
Francisco tells why simulation studies of air- 
borne computers offer a singularly challenging 
professional experience. 


‘Airborne computers present a special chal- 
lenge to the creative engineer, because their 
systems must be planned and designed with 
flight situations in mind. Through simula- 
tion studies, we test computer systems right 
in our own labs—simulating both the dy- 
namics of the aircraft and the environmental 
conditions encountered. My biggest thrill? 
To see my first simulated bombing mission!”’ 


For those who can qualify, the engineering 
of digital computer systems at IBM Owego 
offers one of the most challenging assign- 
ments in electronics today. You can use 
your experience in: Instrumenting mathe- 
matical equations; programming operational 
steps; simulation studies; real time control; 
digital-to-analog conversion. 


wlenging assignments for 
|-qualified E.E.’s, M.E.’s, 
lysicists and Mathematicians in: 


digital computer systems and logic 
Radar systems 

lhertial guidance 

lest equipment development 
flectronic circuit design 


DETAILS, just write, outlin- 
background and interests, to: 


.R. A. Whitehorne, Dept. 501K 

. of Technical Recruitment 

ational Business Machines Corp. 
Madison Ave., New York 22,N. Y, 


DATA PROCESSING 

ELECTRIC TYPEWRITERS 
MILITARY PRODUCTS 

SPECIAL ENGINEERING PRODUCTS 
SUPPLIES 

TIME EQUIPMENT 


MILITARY 
PRODUCTS 


IBM 


Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, Yorktown, N.Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif. 


What's it like to be a Creative Engineer at - 
: 
<> 


countered by local air lines 
scheduled feeder stops. 

Turbine Transports for the Long-Range 
Routes. Roy Allen. Aeronautics, Aug, 
1957, pp. 26-32. Discussion of the opera- 
tion of the Britannia in overseas service. 


running 


Airplane Design 


Otter DHC-3. Flug-Revue, Aug. 17, 
1957, pp. 13-15. In German. Descrip- 
tion of the Otter DHC-3. 

Engineering the R.C.A.F. Argus. 
liam K. Ebel and E. B. Schaefer. Eng. J., 
July, 1957, pp. 967-972. Discussion of 
the redesign of the Bristol Britannia as a 
patrol aircraft using only materials, equip- 


Wil- 


ment, and parts available in North 
America. 
Philosophy of Airworthiness. Appen- 


dix—Optimum Structural Strength. W. 


Tye. (NATO AGARD Structures and 
Materials Panel, Brussels, Aug. 27-31, 
1956.) NATO AGARD Rep. 58, Aug., 
1956. 16 pp. Discussion of some of the 


considerations underlying modern  ap- 
proaches to airworthiness including the 
matching of airworthiness of the aircraft 
with the externai operational conditions, 
and the difficulty of establishing what 
level of airworthiness is acceptable to the 
community. A possible way of attacking 
the latter problem is indicated. 

Das amerikanische Marine-Jagdflug- 
zeug Chance Vought F8U-1 ‘‘Crusader.’’ 


* 


“PONY MOTORS 


that give stamina to your products 


Lamb Electric fractional horsepower motors, like the small 
horses of the famed western-pioneer-day Pony Express, are 


developed for stamina. 


Their dependability, and efficiency (optimum weight-size- 
horsepower ratio) are qualities that result from proper design 
and careful manufacture by personnel with many years of ex- 


perience in the small motor field. 


May we demonstrate how Lamb Electric Motors can bring these 
advantages—and also perhaps lower costs—to your products? 


THE LAMB ELECTRIC COMPANY ° 


KENT, OHIO 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric — Division of Sangamo Company Ltd.— Leaside, Ontario 


FRACTIONAL HORSEPOWER 


MOTORS 


Radar voltage regulator 
gear motor. 


A rugged high-torque, 
high-speed motor. 


Motor with efficient 
spur gear speed reducer. 
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Alfred Aepli. Flugwehr & -Technik, 
1957, pp. 213, 214. In German. Design 
and description of the Navy-fighter 
Chance Vought F8U-1 ‘‘Crusader.”’ 

Airborne in the Valiant. John Fricker. 
The Aeroplane, July 19, 1957, pp. 86-88, 
Description of the interior layout of the 
Vickers Valiant, and of a short flight in 
the aircraft. 

Britannia to the Far East. I, II, 
H. A. Taylor. The Aeroplane, July 19, 
26, 1957, pp. 75-77; 106-109. I—Out. 
line of the events on a proving flight to 
Tokyo, and of the features of the Bri- 
tannia 102. Il—Impressions of the air- 
craft’s handling and operational tech 
niques, from the onlooker’s point of view. 

Background to the Scimitar. Zhe Aero- 
plane, July 26, 1957, pp. 114-119. De. 
scription of the new British single-seat 
Naval fighter-bomber, capable of operat- 
ing as a strike aircraft on a strategic scale 
with atomic bombs. The airplane has a 
blown-flap system for operation from the 
deck of an aircraft carrier. 

Development of the English Electric P. | 
Series. The Aeroplane, July 26, 1957, 
pp. 101-103. Review of the background 
to the P.1 project and description of the 
WG 760 version of the aircraft—with the 
new elbowed wing plan form. 

The Aviation Traders Accountant. The 
Aeroplane, July 12, 1957, pp. 48-52, cut- 
away drawing. (Also in Flight, July 12, 
1957, pp. 47-52.) Design, structure, and 
performance characteristics of a DC-3 
replacement powered by _ Rolls-Royce 
Darts. 

Turboprop v. Turbojet. Frank Robert- 
son. Flight, Aug. 2, 1957, p. 157. Com- 
parison of the relative economics of the 
two types of aircraft. Complete aircraft 
design studies, based on current best en- 
gine performance as quoted by various 
manufacturers, are used to show the eco- 
nomic advantages of the turboprop. 

A Day with the P.1. Kenneth Owen. 
Flight, July 19, 1957, pp. 81-85. 

Flying in the Valiant. C. M. Lambert. 
Flight, July 19, 1957, p. 86. 

A4D Design Opposes Complexity Trend. 
Irving Stone. Av. Week, Aug. 26, 1957, 
pp. 50, 51, 53, 55, 59, 61 ff. Design and 
structural characteristics of a lightweight 
Douglas jet bomber. 

Trident Blends Simplicity, Performance. 
David A. Anderton. Av. Week, Aug. 19, 
1957, pp. 51, 53, 55, 57, 59, 61 ff. Discus- 
sion of the development of the French 
mixed-power iriterceptor, with design and 
performance characteristics given for the 
various models. 

Sixty Airliners Became the Vanguard. 
James Stuart. Vickers Mag., Summer, 
1957, pp. 11-16. Discussion covering the 
developments in air frames and engines, 
the buyers’ requirements, the sixty proj- 
ects, the design study, and the weight and 
stress analyses leading to the construction 
of the new Vickers aircraft. 

Demodulator-Limiter for Control Sys- 
tem Signals. N. L. Johanson. — Elec- 
tronics, Sept. 1, 1957, p. 155. Descrip- 
tion of a transistor circuit for carrier- 
based control systems which limits while 
modulating or demodulating, operates at 
high signal-conversion efficiency, produces 
hard limit, and has excellent linearity. 
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SARGENT 
FORCE 


\ 
\ HYDRAULIC 
PNEUMATIC. 


ELECTRONIC 


“GOOD WILL” is the 
disposition of the 
pleased customer to 
return to the place 
where he has 

been well treated. 


— U.S. Supreme Court 


Slandaid of Excellence 


Sargent offers tional opportunities to 
engineers interested in design, develop- 
ment, qualification testing, and manufacture 
of advanced forced control systems. Send 
your resume i diately (in fid ) 
to Chief Engineer. 


SYSTEMS 
CONTROL 


Sargent Systems of force control are backed by more 
than 37 years of experience building precision equipment 
to meet the increasingly high requirements of the aircraft, 


guided missile, petroleum, gear and machine tool industries. 


If your application of force control deals with aviation, 
marine, surface or subsurface movement, we invite you to 
send your requirements for the Sargent design, qualifica- 


tion and manufacturing proposal. 


Fence 


ENGINEERING CORPORATION 


MAIN OFFICE & PLANT ¢ 2533 E. FIFTY-SIXTH ST. 
HUNTINGTON PARK, CALIF, 
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Review and Investigation of Unsatis- 
factory Control Characteristics Involving 
Instability of Pilot-Airplane Combination 
and Methods for Predicting These Diffi- 
culties from Ground Tests. William H. 
Phillips, B. Porter Brown, and James T. 
Matthews, Jr. U.S., NACA TN 4064, 
Aug., 1957. 57 pp. 14 refs. 

Evaluation of Five Types of Containers 
for Jettisonable Fiberglass Fuel Tanks. 
T. B. Heebink. USAF WADC TR 
56-647 [AD 118345], May, 1957. 11 pp. 
Comparison to determine whether savings 
can be made in tare weight and cubic dis- 
placement for the container now in use 
for aluminum tanks. Each container is 
tested for resistance to rough handling by 
the edgewise drop, cornerwise drop, and 
pendulum tests. 

Development for Service of Aircraft 
Tyres, Wheels and Brakes. P. W. Dry- 
land. SLAE J., June, 1957, pp. 3-10; 
Discussion, pp. 11-17. 


Airports 


Britannia to the Far East. III. 
Taylor. The Aeroplane, Aug. 2, 1957, 
pp. 148-150. Description of Hong Kong's 
present Kai Tak airport. 

A Study Toward a System of Classifica- 
tion of Unprepared Landing Areas. W. 
Gordon Duncan. (NATO AGARD Flight 
Test Panel Meeting, Brussels, Aug. 27-31, 
1956.) NATO AGARD Rep. 89, Aug., 
1956. 6 pp. 

Rationalizing London’s Airports. The 
Aeroplane, Aug. 9, 1957, pp. 178-180. 
Problems in future development of Lon- 
don’s Airports to provide for an estimated 
31 passengers a minute expected by 1970. 

Airport Fueling for the Jet Age. R. H. 
Barrett. SAE J., Aug., 1957, pp. 70-72. 
Description of the hydrant fueling system 
at the San Francisco International Air- 
port. 


HAA. 


Aviation Medicine 


Air Force Survival Feeding. Albert A. 
Taylor and Harry C. Dyme. Ail. Med., 
July, 1957, pp. 22-27. 

Mean Least Turn and Its Relation to 
Making Settings on a Linear Scale. W. 
L. Jenkins. USAF WADC TR 57-210 
[AD 118174], May, 1957. 36 pp. Ex- 
perimental investigation to determine the 
least turn of a knob that can be made ona 
tactual-kinesthetic basis without visual 
guidance under various conditions of knob 
diameter, inertia, and friction. Also de- 
termined is the influence of knob shape, 
position, and orientation on mean least 
turn and on the time to make settings on 
a linear scale. 

A Sizing System for High Altitude 
Gloves. James T. Barter and Milton 
Alexander. USAF WADC TR _ 56-599 
[AD 110589], Dec., 1956. 21 pp. 

Cutaneous Toxicity Evaluation of Air 
Force Development Materials. I. Morris 
V. Shelanski and Charles Josephs. USAF 
WADC TR 56-626 [AD 118233], Dec., 
1956. 52pp. Study of various hydraulic 
fluids, oils, cloths, and a grease. The 
prophetic patch test method is used on 
laboratory animals and volunteer human 
subjects to determine the primary irritant 


effect and the sensitization index of these 
materials. 

Accelerations in Space Medicine. M. 
Kennedy Browne. Spaceflight, July, 1957, 
pp. 139-142. 

Body Dimension Changes During Basic 
Training. Appendix—Statistical Pro- 
cedures. H.C. Meyers, Jr.,G.S. Daniels, 
Edmund Churchill, and Norma S. Roelke. 
USAF WADC TR 56-458 |AD 97216], 
Dec., 1956. 29 pp. 

Interrelationships Among Leadership 
Criterion Measures for a Population of 
Air Force Pilot Cadets. Donald T. Camp- 
bell. USAF PTRC RR TN 57-70 [AD 
131421], June, 1957. 6 pp. 

A Review of Research on Group As- 
sembly. William W. Haythorn. USAF 
PTRC RRTN 57-62 [AD 126393], May, 
1957. 14 pp. 39 refs. 

Motivation as a Variable in Work- 
Partner Selection. Elizabeth G. French. 
USAF PTRC RRTN 57-63 [AD 126394], 
May, 1957. 4 pp. 

Physical Proficiency as a Predictor of 
Leadership. John D. Krumboltz. USAF 
PTRC RR TN 57-60 [AD 126391], 
May, 1957. 21 pp. 17 refs. 

Crew Member Agreement on RB-47 
Crew Operating Procedure. Paul D. 
Hood, Andrew W. Halpin, John J. Hanit- 
chak, Laurence Siegel, and John kK. Hemp- 
hill, USAF PTRC TN 57-64 [AD 
126395|, May, 1957. 49 pp. 10 refs. 
Development of a technique for identify- 
ing two crew operating procedures (COP) 
in different crews and for determining the 
relationship between agreement among 
crew members on COP’s and independent 
criteria of crew effectiveness. 

Constant-Ratio Rule for Confusion 
Matrices in Speech Communication. 
Frank R. Clarke. ASA J., June, 1957, 
pp. 715-720. USAF-supported investi- 
gation including three experiments which 
give support to an empirical rule useful 
for predicting the entries in a closed con- 
fusion matrix, for any subset of items 
from a master set of items with a known 
confusion matrix. Two additional experi- 
ments are carried out using monosyll- 
ables and digits. 

A Crash-Restraint Demonstrator. Sid- 
ney T. Lewis and John P. Stapp. USAF 
HADC TN 57-9 |AD 123733], June, 1957. 
14 pp. Description of an apparatus which 
is capable of applying deceleration forces 
to human-volunteer subjects in either the 
forward- or backward-facing seated posi- 
tions, and of time studies made with its 
aid. 


Computers 


The Design of the Pegasus Computer. 
I. T.G.H. Braunholtz. Electronic Eng., 
Aug., 1957, pp. 358-363. 

Review of Current Machine Systems for 
Handling Information. Gwendolyn M. 
Bedford. .(NATO AGARD Documenta- 
tion Comm., 6th Meeting, Rome, Feb. 
20-25, 1956.) NATO AGARD Rep. 46, 
Feb., 1956. 17 pp. 12 refs. 

Magnetic Computer Has High Speed. 
T. H. Bonn. Electronics, Aug. 1, 1957, 
pp. 156-160. Description of an_ all- 
magnetic computer which employs com- 
plementing series-type amplifiers to handle 
data rates up to 2.5 mc. 


Elektricheskie Uglovye Pogreshnosti ij 
Ostatochnye Napriazheniia Induktsion- 
nykh Schetno-Reshaiushchikh Elementoy, 
Iu. M. Pul’er. Avtom. i Telemekh., June, 
1957, pp. 586-550. In Russian. Calcula- 
tion of ratios for angular electrical errors 
and for residence voltages of sine-cosine 
transformers versus irregular air gap, and 
estimation of residual voltages in induc- 
tion tachometers caused by variable thick- 
ness of rotor. 

Lace (The Luton Analogue Computing 
Engine). IIl—Non-Linear Units Used in 
a General Purpose Analogue Computer. 
J. C. Jones and D. Readshaw. Elec. 
Eng., Aug., 1957, pp. 380-385. 11 refs. 
Description of an electronic multiplier and 
an electronic general-purpose function 
generator developed for use in LACE. 

Analog Computer with Wings. John L. 
Beilman. Res. Trends (Cornell Aero. 
Lab.), Summer, 1957, pp. 5-7. Descrip- 
tion of an airborne computer to simulate 
stability and control problems in a spe- 
cially modified T-33 aircraft. 

An Electrolytic Tank as an Analogue 
Computing Machine for Factorizing High 
Degree Polynomials. S. K. Ip. Quart. 
J. Mech. & Appl. Math., Aug., 1957, pp. 
369-384. 12 refs. 


Education & Training 


The Relation of Extracurricular Par- 
ticipation to Leadership Criteria. John D. 
Krumboltz. USAF PTRC RRTN 57-82 
[A D 134202], June, 1957. Spp. 57 refs. 

A Study of Within-Test Learning Func- 
tions As a Determinant of Total Score. 
Milton A. Whitcomb and Robert M. W. 
Travers. USAF PTRC RR TN 57-81 
[AD 134201], June, 1957. 12 pp. 

A Study of Effective Communication 
of Technical and Scientific Knowledge. 
J.S.J. Hlobil. Gen. Res.Co. TR( AFOSR 
TR 57-45) [AD 132473], July 10, 1957. 
34 pp. 24 refs. 

An Experimental Comparison of ‘‘Live”’ 
and Filmed Lectures Employing Mobile 
Training Devices. H. H. Shettel, E. J. 
Faison, S. M. Roshal, and A. A. Lums- 
daine. USAF PTRC RR TN_ 357-50 
[AD 126381], Apr., 1957. 7 pp. 

Video Recorder Trains Radar Observ- 
ers.. Ralph M. Heintz. Electronics, 
Sept. 1, 1957, pp. 146-149. Description 
of an airborne unit, designed around a 
conventional ppi radar indicator, that re- 
cords video output of the operating radar 
directly on 35-mm. film. 


Electronics 
IRE Standards on Letter Symbols and 


Mathematical Signs, 1948 (Reprinted 
1957). JRE Proc., Aug., 1957, pp. 1,140- 
1,147. 

Dielectric Loading of Waveguides. 


William V. Kiskaddon and Gedalia Held. 
Trend in Eng., July, 1957, pp. 13-19, 32. 
Theoretical investigation to determine the 
properties of a guide with periodic dielec- 
tric loading (consisting of alternate re- 
gions filled with different dielectric plates 
perpendicular to the axis of the guide) 
and to explore possible uses of such a 
guide. 

Solions. Mach. Des., Aug. 22, 1957, 
pp. 102-105. Discussion of new electri- 
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@ How it increases 
the life and improves 
the performance ot 


metol weor parts 


How Electrolizing 
Insures Reliability: 


1. Shortens response time 
2. Increases efficiency 

3. Reduces friction 

4. Increases lubricity 


5. Permits use of similar or like 
materials as opposing bearing 
surfaces 


6. Eliminates galling 

7. Improves hydraulic sealing 
8. Increases wear resistance 

9. Provides corrosion resistance 


CORPORATION 


1505G East End Avenue e Chicago Heights, Illinois 


The new 24-page booklet illustrated explains how Electrolizing 
insures reliability of equipment... how it increases wear life of 
ferrous and non-ferrous parts 2 to 10 times—without change in 
design, materials or methods. 

Electrolizing provides high surface hardness, low co-efficient of 
friction and excellent anti-seizure properties. There is no warping, 
distortion or other adverse effect on the basis metal—no embrittle- 
ment. Tolerances can be held within .000025” . . . original surface 
finish is retained . . . no edge build-up is encountered. 

The booklet answers nearly every question you might ask—in- 
cludes a complete technical discussion . . . contains numerous test 
reports on military and commercial applications . . . points the 
way to achieving reliability that is otherwise impossible or imprac- 
tical to attain. 

Send for the booklet today. There is no obligation—use the 
convenient coupon. 


* MAIL COUPON FOR FREE COPY 


The Electrolizing Corporation 
1505G East End Ave., Chicago Heights, II. 


Please send new 24-page booklet. 


THE 


Other Plants Located at: 


Providence 1, R.1. Cleveland 12, Ohio © 
148 W. River St. 1325 E. 152nd St, 


Los Angeles 21, Calif. | CH. Zones... Statens 
1406 East 15th St. 
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cal-control elements which are highly 
sensitive to heat, pressure, light, sound, or 
motion. The principle of Solion opera- 
tion, design of a fluid-flow detector, and 
electro-osmotic cells are covered. 

Electric Design Problems of Future Air- 
craft. Victor B. Hart. Western Av., 
July, 1957, pp. 6-9. 

Minimizing Partially Developed Relay 
Tree Circuits. Mitchell P. Marcus. Elec. 
Mfg., Aug., 1957, pp. 102-105. Presenta- 
tion of a straight-forward graphical method 
of minimizing partially developed transfer 
trees. 

Additional Tables for Design of Opti- 
mum Ladder Networks. Il. Louis Wein- 
berg. J. Franklin Inst., Aug., 1957, pp. 
127-138. Tables applicable for three 
classes of practical networks with resist- 
ance terminations at both ends. The 
element values for the normalized low- 
pass network witha Butterworth, Tscheby- 
scheff, or Bessel-polynomial characteris- 
tic are given, and the tables also make it 
possible to transform the low-pass net- 
works that are realized in the Butterworth 
and Tschebyscheff cases to serve high- 
pass, band-pass, or band-elimination 
functions. 


Amplifiers 


Transmitter Tuned by Distortion Indica- 
tor. C. Richard Ellis, Kenneth Owen, 
and G. R. Weatherup. Electronics, Sept. 
1, 1957, pp. 180-183. Description of a 
high-power, quick-tuning UHF transmitter 
system which employs a low-distortion 
amplifier-modulator to cover the 225 to 
400 me. range. 

Osobennosti Rascheta Mnogokaskad- 
nykh Magnitnykh Usilitelei. N. P. Vasil’- 
eva and M. A. Boiarchenkov. Avtom. i 
Telemekh., July, 1957, pp. 660-668. In 
Russian. Description of some design 
characteristics of multicascade magnetic 
amplifiers. 

Trekhfaznyi Magnitnyi Usilitel’. V. 
V. Gorskii. Avtom. i Telemekh., July, 
1957, pp. 681-685. In Russian. De- 
scription of the new circuit and of the per- 
formance of a three-phase magnetic am- 
plifier. 

A Transistor D.C. Chopper Amplifier. 
P.L. Burton. Electronic Eng., Aug., 1957, 
pp. 393-397. Discussion of the use of a 
transistor as a chopper and as a syn- 
chronous rectifier. A design procedure is 
given, and performance figures are quoted 
for the amplifier with stress laid on 
economy of space, weight, power, and 
sturdy construction. 

Strukturnye Skhemy Magnitnykh Usi- 
litelei s Zhestkoi i Gibkoi Obratnymi 
Sviaziami. L. A. Grigorian. Avtom. i 
Telemekh., June, 1957. pp. 560-573. In 
Russian. Description of methods for the 
design and parameter determination of 
magnetic amplifiers with rigid and soft 
feedback. 

K Voprosu Soglasovaniia Magnitnykh 
Usilitelei Tipa “Vtoroi Garmoniki’’ s 
Nagruzkoi. V. N. Mikhailovskii and Iu. 
I. Spektor. Avtom. i Telemekh., June, 
1957, pp. 551-559. In Russian. Evalua- 
tion of the performance of a second har- 
monic magnet amplifier, with determina- 
tion of the load effect on the amplifier’s 
stability and of the area of unstable per- 
formance. 
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Solid-State Amplifiers in Control. J. A. 
Barine. Instruments & Automation, July, 
1957, pp. 1,288-1,291. Discussion relat- 
ing magnetic-amplifier characteristics to 
the special requirements for each control- 
loop component. 

Class A Transistor Power Amplifier De- 
sign. Robert Minton. Electronic Des., 
July 15, 1957, pp. 50-53. Presentation of 
circuit design considerations for the ap- 
plication of pup alloy junction to audio 
frequency power output stages, along with 
a discussion of the effects of source and 
load impedances on distortion. 

Amplifier Selectivity Curves. Ronald 
L. Quandt and Jack Sanders. Electronics, 
Aug. 1, 1957, pp. 188, 190. Curves anda 
nomograph for determining, at points on a 
response curve, the relative attenuation 
vs. gain and midband response, and for 
finding design parameters for an amplifier 
having specified response. 

Determination of Stability for a Four- 
Stage Feedback Amplifier. Electronic & 
Radio Engr., Aug., 1957, pp. 311, 312. 
Application of criteria, obtained for an 
algebraic equation to render it free from 
roots with positive real parts, to the four- 
stage feedback amplifier. 


Antennas 


Theory of the Electromagnetic Field 
About an Antenna According to the Gap 
Model. John P. Vinti. Appl. Sci. Res., 
Sect. B, No. 5, 1957, pp. 323-336. 10 
refs. Determination of the far zone about 
an antenna of revolution. 

A Reactance Theorem for Antennas. 
Curt A. Levis. JRE Proc., Aug., 1957, 
pp. 1,128-1,134. 14 refs. Derivation of 
a rigorous expression for the frequency 
derivative of the input reactance or sus- 
ceptance of an arbitrary antenna, by inte- 
gration of Maxwell’s equations. 

Les Antennes Noyées pour Maquettes 
de Recherches en Vol Libre. R. Gouillou. 
La Recherche Aéronautique, May-June, 
1957, pp. 37-40. In French. Descrip- 
tion of a specific type of aerial for free- 
flight models. 


Circuits & Components 


Unijunction Transistor Forms Flip-Flop. 
E. Keonjian and J. J. Suran. Electronics, 
Sept. 1, 1957, pp. 165-167. Description 
of a multivibrator which is said to provide 
two-to-one economy in circuit components 
over conventional transistor multivibra- 
tors and consists of three resistors, one 
capacitor, one diode, and one unijunction 
transistor. The circuit can be astable or 
monostable in operation and is particu- 
larly applicable for digital computers and 
counters. 

Direct Coupled Transistor Logic Com- 
plementing Flip-Flop Circuits. Il. E. G., 
Clark. Electronic Des., Aug. 1, 1957, pp. 
34-37. 

Flexure Sine Bar. Al Cline. Jmstru- 
ments & Automation, July, 1957, pp. 1,301. 
Discussion covering the types of trans- 
ducers, including true analog transducers, 
true digital transducers, and time-digital 
transducers. 

Trends in Electronic Component De- 
sign. W.I. Bull. Mach. Des., July 25, 
1957, pp. 114, 116. Review of require- 
ments for basic components of the circuit 
in terms of high operating temperatures. 


Frequency Division with Semiconductor 
Devices. A. William Carlson. Electronic 
Des., July 15, 1957, pp. 34-37. Discussion 
of frequency division using multivibrators, 
negative resistance devices, counters, re- 
generative frequency dividers, and inte- 
grators. 

Using a Curve Tracer for Transistor 
Circuit Design. Norman B. Saunders, 
Electronic Des., July 15, 1957, pp. 46-49. 


Communications 


Information Theory Impact on Modern 
Communications. I. Pierre Mertz. Elec. 
Eng., Aug., 1957, pp. 659-664. 31 refs. 


Examination of some specific contributions ° 


and outline of their influence on the prac- 
tical communications art. 

Toward Improved Missile Communica- 
tions. Robert C. Toth. Astronautics, 
Aug., 1957, pp. 54, 55, 112, 113. Discus- 
sion of possible applications of the three- 
level electron spin solid-state maser and a 
ferrite microwave amplifier for amplify- 
ing work signals. 

Unconventional Communications Re- 
ceiver. Wireless World, Aug., 1957, pp. 
388, 389. Application of a single crystal 
to cover a tuning range of 500 ke./sec. to 
3 mce./sec. without gaps of any kind and 
without any of the conventional forms of 
waveband switching. 

Communication Management for the 
Aircraft. Ludlow B. Hallman, Jr. JRE 
Trans., ANE Ser., June, 1957, pp. 48-51. 
Discussion of the problems resulting from 
the poor management of many ground-to- 
air intelligence links. A possible solution 
to these problems is suggested in the form 
of a mission and traffic-control subsystem 
sufficiently flexible to be utilized in all 
types of aircraft. 


Construction Techniques 


Encapsulation of Electronic Circuits. 
Richard Calicchia. Electronic Des., Aug. 
1, 1957, pp. 22-25. Evaluation of casting 
resins for electronic equipment at fre- 
quencies up to 240 me. Data is obtained 
regarding the high-frequency performance 
of various resistors, capacitors, and induc- 
tors. 

Silicon Polymers as High-Temperature 
Insulation for Miniature Power Trans- 
formers. F. T. Parr. SPE J., Aug., 
1957, pp. 19-22. 


Dielectrics 


Propagation of Microwaves Along a 
Single Conductor Embedded in Three Co- 
Axial Dielectrics. J. S. K. Chaterjee and 
R. Chatterjee. J. Indian Inst. Sci., 
Sect. B., Apr., 1957, pp. 71-82. 

Vliianie Elektricheskogo Polia na Svois- 
tva Tonkikh Dielektricheskikh i Polu- 
provodnikovykh Sloev. Iu. M. Voloko- 
binskii. AN SSSR Dokl., Apr. 11, 1957, 
pp. 1,023, 1,024. In Russian. Study of 
the influence of the electric field on the 
properties of thin dielectric and semi- 
conductor layers. 


Electronic Tubes 


The Influence of the Internal Correction 
Voltage on the Proper Ratings of Receiv- 
ing-Type Tubes. George D. O'Neill. 
Sylvania Tech., July, 1957, pp. 71-77. 
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Revolutionary design...and accuracy to %° per hour 


In a fully maneuverable twin gyro 
platform utilizing completely new gyro 
design principles, Sperry has achieved 
unprecedented accuracies in heading 
information and all-attitude flight. The 
first of these new Sperry systems will 
soon be delivered to the Air Force’s 
Wright Air Development Center. 

This Sperry system provides azimuth 
drift rate as low as 1/4° per hour, and 
in the vertical axis, 1/10° per min- 
ute. The use of twin directional gyros 
and new design technique permits this 
extreme accuracy as it minimizes the 
disturbance torques inherent in con- 
ventional gyros. The low drift in the 
vertical axis minimizes turning error— 
permits freedom from erection control 
for longer periods of time. 

Coupled with doppler radar naviga- 
tors, the CEP (Circular Error Probable) 


is materially reduced due to exceed- 
ingly low drift inertial heading feature. 
The inertial heading output permits 
either Great Circle or Rhumb Line 
flight paths. 

The compactness of the twin gyro 
system makes it extremely reliable and 
easy to maintain. No warm-up period is 
required due to the balanced thermal 
construction and the absence of fluids. 

The twin gyro platform has been de- 
signed to provide control information 
for complete and full maneuverability 
of high-performance aircraft without 
limit. Its full stabilization in all atti- 
tudes makes it especially adaptable for 
Low Altitude Bombing Systems, fighter 
maneuvers and missile applications. 


Write our Aeronautical Equipment 
Division for further information. 


TWIN 


FEATURES 


Low Random Drift 

Inertial Heading 

Great Circle or Rhumb Line Output 
No Gimbal Error 

Low Turning Error 

Multiple Roll-Pitch-Heading Output 
Compact 

Rugged 

No Warm-up Time 

Light Weight 


Servo Amplifiersand Ibs. 
Heading Computer 


AERONAUTICAL EQUIPMENT DIVISION 


GYROSCOPE COMPANY 
Great Neck, New York 


DIVISION OF SPERRY RAND CORPORATION 
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The skies are full 


Protecting bearings in many 
types of aviation mechanisms 


Johns-Manville’s precision-moulded Clipper Oil 
Seals retain lubricant and exclude dirt. These seals 
have a dense asbestos-compound heel and a soft 
flexible lip concentrically moulded into one unit. 
This unique construction provides maximum seal- 
ability, low torque, easy installation, long life and 
wide adaptability. Some of their applications include: 


In Actuators—In the worm gear drive 
of hydraulic actuators, Clipper Seals 
prevent oil leakage at shaft speeds of 0 
to 9000 RPM, pressures of 0 to 20 psi 
and temperatures of —60 F to 250 F 
... With a maximum seal drag of 4 
oz. Sketch shows seals used in tandem 
with specially developed metal 
adapter ring. Here, Clipper Seals 
replaced a far more costly seal, 
maintained high performance. 


In Constant Speed Propellers 
—Used on the blade retaining 
nut of constant speed propellers, 
J-M Clipper Seals maintain a 
tight seal against the 400 psi 
pressure created by the propeller’s 
velocity. Clipper Seals’ light shaft 
drag permits rapid pitch changes. 
Clipper Seals have also provided 
outstanding service in tests by major 
airlines in accessory drive gear trains. 


In Crankshaft Assemblies 
Johns-Manville developed a special 
split seal to permit use of an economical 
flange-type crankshaft in a popular 
engine used in small planes. 


In Bearing Mechanisms—High 

Mee aie sealability and low friction at high shaft 

speeds make Clipper Seals particularly 
suitable for clutch and transmission 
bearing mechanisms in helicopter rotors. 


If you have an oil seal problem, Johns- 
Manville will be glad to help you solve it. For 
Ae engineering help and free 28-page illustrated 
oe brochure PK-71A, write Johns-Manville, 
ae Box 14, New York 16, N. Y. In Canada, 

a Port Credit, Ontario. 


JOH NS:MANVILLE 


Johns-Manville CLIPPER SEALS 
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Some New Circuits for High-Power 
Traveling-Wave Tubes. M. Chodorow 
and R. A. Craig. JRE Proc., Aug., 1957, 
pp. 1,106-1,118. 15 refs. Discussion of 
new types of slow-wave structures in which 
coupling between sections is obtained 
largely by negative mutual inductance. 


Magnetic Devices 


Influence of Porosity on the g-Factor of 
Ferrites. J. Snieder. Appl. Sci. Res., 
Sect. B, No. 5, 1957, pp. 301-311. 11 refs. 
Experiments using half-wave rectangular 
cavities of the TE; type, made from wave- 
guides which are normally used at the dif- 
ferent frequencies, to obtain the value of 
the spectroscopic splitting factor g. A 
resonance equation is derived which may 
be used for the experimental results when 
certain necessary corrections are made. 

Vibrations of Ferroelectric Cylindrical 
Shells with Transverse Isotropy. 1— 
Radially Polarized Case. J. F. Haskins 
and J. L. Walsh. ASA J., June, 1957, 
pp. 729-734. Derivation of expressions 
for the coupled mechanical vibrations and 
electrical admittance of ferroelectric tubes 
having transverse isotropy. Results which 
are supported by experimental data, per- 
mit close prediction of resonant fre- 
quencies. 

Multihole Ferrite Core Configurations 
and Applications. H. W. Abbott and 
J. J. Suran. JRE Proc., Aug., 1957, pp. 
1,081-1,098. Discussion of a transfluxor, 
a ferrite device which uses a multiple aper- 
ture topology to perform a.c. gating func- 
tions. Multihole cores are used to per- 
form logical operations. 


AERONAUTICAL REVIEWS 


Effects of Ceramic Parameters on 
Microwave Properties of Nickel Ferrite. 
S. L. Blum, J. E. Zneimer, and H. Zlotnick. 
(Am. Ceramic Soc., 58th Annual Meeting, 
New York, Apr. 24, 1956.) Am. Ceramic 
Soc. J., May 1, 1957, pp. 143-149. 11 
refs. 

Magnetic and Magnetostrictive Proper- 


ties of Magnesium-Nickel Ferrites. Paul 
O. Hoffmann. Am. Ceramic Soc. J., 
July 1, 1957, pp. 250-252. 12 refs. 

How the Maser Operates. I—Maser 
Shows Promise, Some Drawbacks. II— 


Maser’s Potential Rests on Further Work. 
Richard W. Damon. Av. Week, Aug. 19, 
26, 1957, pp. 76, 77, 81, 82, 87, 89 ff; 
91, 92, 96, 99, 101, 104 ff. Discussion of 
princip!es of operation and the advantage 
of low noise in new ferromagnetic ampli- 
fiers. 


Measurements & Testing 


A Null Instrument for Accurate Meas- 
urement of Small A.C. Currents. C.T. J. 
Alkemade and W. J. Lavén. Appl. Sci. 
Res., Sect. B, No. 5, 1957, pp. 337-352. 
31 refs. 

The DTMB Four-Channel Oscillograph 
Type 214 Modifications. C.W. Hoffman. 
U.S., Navy Dept., David Taylor Model 
Basin, Rep. 954 (Addendum), July, 1957. 


3 pp. 
Elektronnaia Model’ Provolochnogo 
Potentsiometra. M.A. Shnaidman. Av- 


tom. i Telemekh., July, 1957, pp. 669-677. 
In Russian. Description of the electronic 
wire potentiometer as a unit of an auto- 
matic controller. 


Noise & Interference 


Noise Spectrum of Electron Beam in 
Longitudinal Magnetic Field. I—The 
Growing Noise Phenomenon. II—The 
UHF Noise Spectrum. W. W. Rigrod. 
Bell System Tech. J., July, 1957, pp. 831- 
878. 34 refs. Description of the ‘‘grow- 
ing noise’ phenomenon as discovered by 
Smullin, and presentation of measure- 
ments of the noise spectrum of a rippled 
beam in the UHF region. These meas- 
urements reveal the presence of additional 
forms of instability. Calculations are per- 
formed to account for some of these and 
for aspects of rippled-beam amplification 
not previously understood. 

Pomekhoustoichivost’ Sistem Chastot- 
noi Moduliatsii. V.A.Kashirin. Avtom. 
i Telemekh., June, 1957, pp. 529-535. In 
Russian. Analysis of noise stability of 
frequency multi-channel metering sys- 
tems at low fluctuating noises and com- 
parison of frequency- and time-divided 
channels. 

Distortion Produced in a Noise Modu- 
lated FM Signal by Nonlinear Attenuation 
and Phase Shift. S. O. Rice. Bell Sys- 
tem Tech. J., July, 1957, pp. 879-889. 
Derivation of an expression for the FM 
distortion introduced by a_ transducer 
whose attenuation and phase shift depend 
upon the frequency in an arbitrary way. 


Oscillators & Signal Generators 


II—Transistor. 
Electronic Des., July 15, 


Design of Oscillators. 
K.A. Pullen, Jr. 


1957, pp. 40-43. 


New Bendix SM-E Connector 
(smaller, lighter than AN-E but equally dependable) 


same 
ie Here is the newest in the ever growing family of [Ry a “Ff 
Bendix* environment resistant connectors. The 4 
new SM-E Series (Short ‘‘E”’) will provide the 
same performance as the standard AN-E con- 
nectors, but is shorter, lighter and more easily 
serviced. Not only does this connector conform 
to the vibration resistant requirements of the ““E”’ 
connector in the MIL-C-5015C government 
specification, but it also provides effective moisture 
barriers both at the solder well ends and mating 
surfaces using the full range of wire sizes. Of 
particular interest to production and maintenance 
people is the back nut design, which provides a 
jacking action on the grommet during dis- 
assembly, thereby lifting it free of the solder wells. 
This feature when combined with the new Bendix 
“slippery rubber’? grommets makes easy work of 
wire threading and grommet travel over the 
wire bundles. 


Available in all standard AN shell sizes and 
tooled for most of the popular AN configurations. 


Write for complete descriptive folder. 
*TRADEMARK 


z= 


Space savings for smaller sizes are proportional. 


SCINTILLA DIVISION of 
SIDNEY, NEW YORK 


Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N. Y. 


FACTORY BRANCH OFFICES: 
117 E. Providencia Ave., Burbank, Calif. ¢ Paterson Building, 18038 Mack Ave., Detroit 24, Mich. ¢ 545 Cedar Lane, Teaneck, N. J. ¢ 5906 North Port Washington Rd., Milwaukee 17, Wisc. 


Hulman Building, 120 W. Second St., Dayton 2, Ohio © 2608 Inwood Road, Dallas 19, Texas « 8425 First Ave., South, Seattle 8, Washington e 1701 “K” Street, N.W., Washington 6, D.C. 
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Pulse Generator Uses Junction Transis- 
tors. Edward J. Fuller. Electronics, 
Sept. 1, 1957, pp. 176-179. Description 
of the generator in terms of its common 
emitter, triggering, pulse shape, pulse 
forming, selected transistor, trigger ampli- 
fier, emitter follower, amplifying input, 
and performance. Includes brief discus- 
sion of available transistors. 

Three Oscillator Designs Standardize 
Circuitry, H. E. Gruen. Electronics, 
Aug. 1, 1957, pp. 177-179. Description 
of the Colpitts, electron-coupled Colpitts, 
and cathode-coupled Colpitts oscillators. 

Transistor RC Oscillators. M. k. 
Achuthan. Electronic & Radio Engr., Aug., 
1957, pp. 309, 310. Description of two 
RC-tuned transistor variable-frequency 
oscillators: (a) a zm-network and (b) a 
T-network. The generalized networks 
and the corresponding expressions for fre- 
quency and attenuation are presented. 

On Multimode Oscillators with Con- 
stant Time Delay. Viktor Met. JRE 
Proc., Aug., 1957, pp. 1,119-1,128. 16 
refs. Analysis of bistable oscillators at 
microwave frequencies. To demonstrate 
the basic mode-switching phenomena with 
least complexity, a graphical approach is 
used to represent useful and qualitative 
results. 


Radar 

Platinotron Increases Search Radar 
Range. William C. Brown. Electronics, 
Aug. 1, 1957, pp. 164-168. Description 


of a new microwave tube which incor- 
porates the magnetron principle of opera- 
tion but has no resonant circuit. 

Radar Beacon System Performance. 
S. Thaler and D. L. Ashcroft. JRE Trans., 
ANE Ser., June, 1957, pp. 65-71. Method 
of gross-system analysis fo: adjusting 
the sets to allow for desired system per- 
formance. 


Resistors 


Measurement of Resistor Temperature 
Coefficient. E. Thompson. Elec Mfg., 
Aug., 1957, pp. 106-108, 310, 312. 

Some Characteristics of Metallic Varis- 
tors. G. W. Holbrook and A. L. Dul- 
mage. Electronic Eng., Aug., 1957, pp. 
386-392. Method dealing with the in- 
herent capacitance of varistors composed 
of both point-contact and_ barrier-layer 
rectifiers. 


Semiconductors 


New Semiconductor Materials. Robert 
K. Willardson. Battelle Tech. Rev., Aug., 
1957, pp. 8-14. Discussion covering 
semiconductors for galvanomagnetic de- 
vices, new resistors, and thermoelectric 
materials. 

A Simple Transformer Bridge for the 
Measurement of Transistor Characteris- 
tics. W. F. Lovering and D. B. Britten. 
(IEE Paper 2247 M.) IEE Proc., Pt. B, 
July, 1957, pp. 368-373. 11 refs. De- 
scription of a transformer bridge for the 
measurement of the impedance parameters 
of point-contact or junction transistors. 

A Study of High-Speed Avalanche 
Transistors. J. R. A. Beale, W. L. Ste- 
phenson, and E. Wolfendale. (JEE Paper 
2367 R.) IEE Proc., Pt. B, July, 1957, 
pp. 394-402. 13refs. Discussion of static 
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and dynamic properties of junction transis- 
tors having a fast relaxation oscillation. 

A Survey of Transistor Characteristics. 
R. L. Riddle. Electronic Des., July 15, 
1957, pp. ii-vii. 

Research Leading to Point-Contact 
Transistor. John Bardeen. Science, July 
19, 1957, pp. 105-112. 21 refs. 

Measuring Parameters of Junction 
Transistors. Roy W. Hendrick, Jr. Elec- 
tronics, Aug. 1, 1957, pp. 174-176. De- 
scription of an instrument—in terms of its 
circuit, collector leakage, current gain, 
input resistance, construction features, and 
battery operation—which measures dy- 
namic ground-emitter characteristics of 
pnp or npn transistors at any static col- 
lector current from 0.15 to 15 ma. 

Surface Properties of Semiconductors. 
Walter H. Brattain. Science, July 26, 
1957, pp. 151-153. 

What is the Status of Transistors. Ber- 
nard Reich. Electronic Des., July 15, 
1957, pp. 24, 25. Discussion of specific 
areas of transistor development, including 
power, high-frequency, and switching. 

The Thermoelectric Transistor—A Pos- 
sible Batteryless Amplifying Semiconduc- 
tor Device. Andreas Kelen and Per 
Svedberg. Appl. Sci. Res., Sect. B, No. 
5, 1957, pp. 369-378. 


Telemetry 


Automatic Data Plotter for F-M/F-M 
Telemetering. H. B. Riblet. Electron- 
ics, Aug. 1, 1957, pp. 182-187. Descrip- 
tion of a device which obviates the manual 
reading and replotting of telemetered data 
by automatically plotting them as func- 
tion vs. real time. 

Telemetering System is Balloon Borne. 
Edward K. Novak. Electronics, Sept. 1, 
1957, pp. 158-164. Description of a de- 
vice which is a modification of a standard 
Weather Bureau-type radiosonde and per- 
mits the use of a 1,680-mc. carrier with 
three simultaneous channels of informa- 
tion, one of which is time-multiplexed into 
12 additional channels with a sampling 
rate of one sample per min, 

Transistorizing a Power Supply for 
Telemeters. ©. J. Cooper. JSA J., 
Aug., 1957, pp. 318-321. Discussion of 
design problems to be solved in producing 
a small, light-weight, transistorized power 
supply. 


Transmission Lines 


Rapid Determination of the Q’s of 
Cavities Terminating Transmission Lines. 
J. Smidt. Appl. Sci. Res., Sect. B, No. 5, 
1957, pp. 353-358. 


Wave Propagation 


Propagation of the Circular H),; Low- 
Loss Wave Mode Around Bends in Tubu- 
lar Metal Waveguide. H. E. M. Barlow. 
(IEE Paper 2369 R.) IEE Proc., Pt. B, 
July, 1957, pp. 403-409. Discussion of 
the conditions required to maintain the ap- 
propriate field distribution at a bend. It 
is concluded that the wavefront, repre- 
sented by an equiphase plane, must re- 
main radial with respect to the center of 
curvature. 

Waveguide Power Dividers. T. G. 
Hame. Electronic Eng., Aug., 1957, pp. 
368-373. Development of a new type 
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of wideband power divider designed for 
use in aerial feeding systems. 

Coupled Forms of the Differential Equa- 
tions Governing Radio Propagation in the 
Ionosphere. II. K. G. Budden and P, 
C. Clemmow. Cambridge Philos. Soc. 
Proc., July, 1957, pp. 669-682. 10 refs, 
Analysis to obtain explicit expressions, in 
terms of the ionospheric parameters, for 
the four first-order coupled equations 
governing the propagation of electromag- 
netic waves in the ionosphere. The 
physical significance of the equations is 
illustrated by considering the energy flux 
in one characteristic wave when coupling 
and damping are neglected. Three spe- 
cial cases are discussed for which second- 
order coupled equations are also given. 

Heat Loss in Grooved Metallic Surface. 
Enrique A. Marcatili. JRE Proc., Aug., 
1957, pp. 1,1384-1,139. Method to calcu- 
late the conduction current losses in metal- 
lic waveguide walls that have parallel 
periodic grooves of semicircular cross sec- 
tion. 


Equipment 


Testing in the Environment of Time. 
E. F. Peacox. Environmental Quart., 
3rd Quarter, 1957, pp. 4, 5. Description 
of the basic life-test technique and two 
ways for shortening test times. A single 
method for estimating the probability of 
survival for any given time period is pre- 
sented. 

How Environmental Test Conditions 
Influence Reliability. Charles T. Mor- 
row. Environmental Quart., 3rd Quarter, 
1957, pp. 8, 9, 16, 17, 22 ff. Discussion 
covering reliability objectives, qualifica- 
tion and sampling tests, tests for control of 
quality, environmental test requirements, 
shock and vibration, and combined en- 
vironments. 


Hydraulic & Pneumatic 


Special Issue: Temperature Control in 
Hydraulic Systems. Allan E. Morris. 
Appl. Hydraulics, Aug., 1957, pp. TC/1- 
TC/16. Partial Contents: Heat Gen- 
eration. Temperature Effects on Fluids 
and Packings. Natural Heat Dissipation. 
System Design to Reduce Heating. Oil 
Coolers. Immersion Heaters.  Auto- 
matic Temperature Control. 

Fire-Resistant Hydraulic Fluids. III — 
Phosphate Ester Base Types. F. H. 
Langenfeld. Appl. Hydraulics, Aug., 
1957, pp. 114-121. Discussion in terms of 
safety, reliability, lubricity, resistance to 
corrosion, stability, costs, effects on seals, 
packings, and hoses, and other qualities. 
Paints and pipe-thread compounds are 
also discussed. 

Miniature Hydraulic Power Supply for 
Airborne Applications. Richard Whit- 
comb and Theodore Mapes. Appl. Hy- 
draulics, Aug., 1957, pp. 110-112. De- 
scription in terms of hydraulic circuit, 
mechanical design, and fluid. 

Design Features, Characteristics and 
Applications of Rotary Positive Displace- 
ment Pumps. H. F. Prasse and H. D. 
Farr. Thompson Prod. Eng. Bul., July, 
1957, pp. 1-16. 

A Comparison of Hydraulic and Pneu- 
matic Accessory Power Generation. E. 
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watching the progress 
ie Air Age from his machine. 


Piston engines... jets .. . and now, missiles, Foote Bros. 
craftsmen are watching the steady advance of American 
air progress from their machines. They’re not only 
watching it—they are an important part of it, because, 
at this moment they are helping produce components 
capable of performance undreamed of a short time ago. 
At Foote Bros., yesterday’s technology, methods and standards of precision 
are obsolete. Today, these men are working with new metals in new ways, with 
greater precision, to produce lighter, stronger and more reliable gearing, 
power transmission and actuating mechanisms for the air age of tomorrow. 
It is the willingness to innovate, the ability to anticipate, and the 
determination to excel that have helped Foote Bros. engineers and production 
men keep pace with, and earn the confidence of, the aviation industry. 


Power Thanbmission through Beller Gea 


FOOTE BROS. GEAR AND MACHINE CORPORATION 
4583 South Western Boulevard, Chicago 9, Illinois 


We may be able to help solve your problems 
involving precision gearing and actuating 
mechanisms, and would welcome the op- 
portunity of talking with you. 


his trademark stands for the finest industrial gearing made 
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I. Brown. (ASME Av. Div. Conf., Los 
Angeles, Mar. 14-16, 1956, Paper 56-A V- 
23.) ASME Trans., Aug., 1957, pp. 
1,284—1,290. 

Drag-Turbine Performance. O. E. 
Baljé. (ASME Av. Div. Conf., Los 
Angeles, Mar. 14-16, 1956, Paper 56- 
AV-6.) ASME Trans., Aug., 1957, pp. 
1,291-1,304. Presentation of a_ simpli- 
fied theory which enables fair predictions 
of drag-turbine performance for compres- 
sible as well as incompressible media, ac- 
counting for the influence of design geo- 
metrics on performance range and peak 
efficiency. 

How to Select and Apply Pressure 
Switches. William B. Wallace, Jr. 
Mach. Des., Aug. 22, 1957, pp. 106-114. 
Discussion covering pressure-switch anat- 
omy, basic types, selection, and typical 
applications. 


Flight Operating Problems 


Physical Aspects of Collision Avoidance. 
J. S. Morrel. (JRE East Coast Conf. on 
Aero. & Navigational Electronics, Balti- 
more, Oct. 30, 1956.) IRE Trans., ANE 
Ser., June, 1957, pp. 75-81. Discussion 
which concludes that there are two essen- 
tial elements to any successful collision- 
avoidance system: (1) an indication of 
the effective’ maneuver to secure adequate 
miss distance, and (2) effective means for 
discovering and assessing the original risk. 

Inaltimea de Economica a Avioanelor 
Echipate cu Motoare Supraalimentate. 
I. Radulescu. Rev. Transp., May, 1957, 
pp. 228, 229. In Rumanian. Discussion 
of the practical flight altitude of aircraft 
equipped with a supercharged engine. 

Notes on Correlation of Model and Full- 
Scale Spin and Recovery Characteristics. 
Melvin N. Gough. (NATO AGARD 
Wind-Tunnel & Model-Testing Panel Meet- 
ing, Rome, Feb. 20-25, 1956.) NATO 
AGARD Rep. 27, Feb., 1956. 20 pp. 
Evaluation of the usefulness of spin-tun- 
nel results as an aid to piloting techniques 
in flight operations. 


Fuels & Lubricants 


Foundations of ‘Exotic’ Fuels. U.S., 
ONR Res. Rev., July, 1957, pp. 9-13. 
Discussion covering oxidizers and liquid, 
solid, and monopropellants. 

Oronite High Temperature Hydraulic 
Fluids 8200 and 8515. N. W. Furby, R. 
L. Peeler, and R. I. Stirton. (ASME 
Av. Div. Conf., Los Angeles, Mar. 14-16, 
1956, Paper 56-AV-22.) Trans. ASME, 
July, 1957, pp. 1,029-1,036; Discussion, 
pp. 1,036, 1,037; Author’s reply, pp. 
1,037, 1,038. 10 refs. Presentation of 
data on two hydraulic fluids capable of 
operating at 400°F. 

The Hunt is on for New Sources of Pro- 
pulsion Energy. Hugh Harvey. SAE 
J., Aug., 1957, pp. 17-20. Review of pos- 
sible materials for new fuels using a per- 
formance index which is the product of the 
fuels available, energy per lb., and avail- 
able energy per gal., divided by that 
product for kerosene. 

Specific Heats of Aircraft Engine Lubri- 
cants at Low Temperatures. V. E. 
Schrock and R. E. Gott. Lubrication 


Eng., June, 1957, pp. 353-358. 24 refs. 
Method to determine specific heats over a 
temperature range from 70° to —100°F 
and to provide relative data on a typical 
aircraft gas turbine engine lubricant and a 
typical piston engine lubricant. 

Reclamation of Synthetic Base Oils. 
Richard W. Sneed and H. M. Schiefer. 
USAF WADC TR 56-275 [AD 118110], 
Mar., 1957. 12 pp. Investigation to de- 
termine the feasibility of reclaiming syn- 
thetic-base oils, specifically of the diester 
type. Various filtration, percolation, and 
distillation techniques are used in an at- 
tempt to clean used oils to such an extent 
as to make them reusable, either as air- 
craft gas-turbine engine lubricants or as 
plasticizer-grade esters. 

Radiation-Resistant Greases. J. G. 
Carroll, R. O. Bolt, and B. W. Hotten. 
Lubrication Eng., Mar., 1957, pp. 1386-140. 
14 ref. Test results which indicate that 
radiated greases alter consistency, with 
most greases softening initially but even- 
tually becoming solid. Bearing life is re- 
duced by 40-90 per cent and oxidation re- 
sistance is also severely impaired. 

The Effects of Nuclear Radiation on 
Lubricants. J. A. King and W. L. R. 
Rice. Lubrication Eng., May, 1957, pp. 
279-283. Presentation of data on the 
effects of gamma radiation on petroleum 
and synthetic-base hydraulic fluids, lubri- 
cants, and engine oils. 

Solid Lubricants for Temperatures to 
1000°F. M. B. Peterson and R. L. 
Johnson. Lubrication Eng., June, 1957, 
pp. 203-207. Study of lead oxide (PbO) 
and several other heavy metal oxide pow- 
ders as lubricants in low-speed kinetic- 
friction experiments. 

Asupra Conditiilor la Limita in Prob- 
lema Lubrificatiei. N. Tipei and Al. 
Nica. Stud. Cerc. Mec. Aplic., Jan.- 
Mar., 1957, pp. 63-73. In Rumanian. 
Study of boundary problems in the theory 
of lubrication. 

O Techenii Zhidkostei v Uzkikh Zazo- 
rakh Mezhdu Sblizhaiushchimisia Plos- 
kimi Tverdymi Telami. G.I. Fuks. AN 
SSSR Dokl., Mar. 21, 1957, pp. 635-638. 
12 refs. In Russian. Study of the mo- 
tion of liquids in narrow clearances be- 
tween flat solid bodies approaching each 
other. 

Thermal Conductivity of Aircraft Engine 
Lubricants at Low Temperatures. V. E. 
Schrock and E. S. Starkman. Lubrica- 
tion Eng., July, 1957, pp. 393-398. 28 
refs. 

Energy Limitations of Liquid Rocket 
Propellants. John F. Tormey. (JAS 
25th Annual Meeting, New York, Jan. 
28-31, 1957, Preprint 718.) Aircraft 
Eng., Aug., 1957, pp. 248-251. 

Liquid Rocket Propellants: Is There 
an Energy Limit? John F. Tormey. 
(IAS 25th Annual Meeting, New York, 
Jan. 28-31, 1957, Preprint 718.) Aero. 
Eng. Rev., Oct., 1957, pp. 54-58. 

Solid Fuel Industry Round-Up. Mis- 
siles & Rockets, Aug. 1957, pp. 67-73. 
Survey by company of solid fuel develop- 
ment and future programs. 

Propellants for Tomorrow’s Rockets. 
Fritz Zwicky. Astronautics, Aug., 1957, 
pp. 45-49, 95-97. Discussion of desir- 
able characteristics of propellants, with an 
analysis of the potentials of light metals, 


frozen free radicals and metastable states. 
radioactive isotopes, and nuclear energy. 


Gliders 


Special Issue: Soaring Flight. Flight, 
July 19, 1957, pp. 71-79. Partial Con- 
tents: Soaring Progress; A Brief History 
of British Gliding, Peter W. Brooks. 
Beetroots in France; Impressions of a 
Continental Gliding Holiday, Philip Wills. 
Slingsby T.42B Eagle; World Champion 
Two-Seater from the Pilot’s Viewpoint, 
H. C. N. Goodhart. 


Instruments 


System Considerations in Instrument 
Dynamics. Victor Azgapetian. (JAS 
Natl. Summer Meeting, Los Angeles, June 
17-20, 1957, Preprint 773.) Aero Eng. 
Rev., Oct., 1957, pp. 69-72, 84. 

Indicatore di Autonomia Residua per 
Velivoli. Raffaello Nistri. L’ Aerotec- 
nica, Apr., 1957, pp. 87-89. Description 
of the working principles of, and presen- 
tation of experimental results for, elec- 
tronic equipment for computing and dis- 
playing the remaining range for an aircraft 
using liquid fuel. 

Una Nuova Sonda a Filo Caldo per Mis- 
ure di Turbolenza nello Strato Limite. 
Ennio Mattioli. (Acad. Sci. Torino, 
Atti, vol. 91, 1956-57.) Torino Polytech. 
Inst., Aero. Lab., Monograph 408, 1957. 
23 pp. In Italian. Description of a hot- 
wire instrument for measurement of bound- 
ary-layer turbulence. 

A Bolometer Detector for the Measure- 
ment of Shock Velocity in Low Density 
Gases. J.G. Clouston, L. J. Drummond, 
and W. F. Hunter. J. Sci. Instr., Aug., 
1957, pp. 321-324. 

O Tochnosti Impul’snykh Radiovysoto- 
merov. B. Maliavskii. Grazhdanskaia 
Aviatsiia, June, 1957, pp. 28, 29. In Rus- 
sian. Analysis of the accuracy of a pulse 
radio altimeter. 

Cracking the Flight-Test Heat Barrier. 
CEC Recordings, July-Aug., 1957, pp. 
16, 17. Description of an oscillograph 
capable of operating at 250°F. 


Automatic Control 


Maduliatsiia Radioaktivnogo Izlucheniia 
dlia Ustroistv Avtomaticheskogo Kon- 
trolia. D.I. Ageikin, L. V. Mel’ttser, and 
N. N. Shumilovskii. Avtom. 1 Telemekh., 
July, 1957, pp. 686-688. In Russian. 
Consideration of some ways of modulating 
radioactive radiation in automatic con- 
trol devices. 

O Strukture Telemekhanicheskikh Li- 
nii dlia Rassredotochennykh Ob’ektov. 
V. A. Win. Avtom. i Telemekh., July, 
1957, pp. 653-659. In Russian. Dis- 
cussion of the structure of transmission 
lines for distributed objects. 

Opredelenie Optimal’noi Lineinoi Dina- 
micheskoi Sistemy po Kriteriiu Ekstre- 
muma Funktsionala Chastnogo Vida. 
N. I. Andreev. Avtom. i Telemekh., 
July, 1957, pp. 615-619. In Russian. 
Determination of an optimum linear dy- 
namic system for a criterion of a particular 
type functional extremum. 

Ob Optimal’nykh Kharakteristikakh 
Odnogo Klassa Samonastraivaiushchikh- 
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tes, W Id T R Ri li $ 
- aldes Truarc Retaining Ring eliminates 7 parts, saves °8.88 
in sub-assembly of aerial reconnaissance camera 
ight, 
tory Gordon Enterprises, No. Hollywood, California, saved 
oks. the Navy almost 11/2 million dollars on 500 cameras. Gordon 
Bs rebuilt new, efficient “CA” series out of Navy-owned obso- 
pi ete models. Critical parts are now held together by Waldes 
iri | dels. Critical p held together by Wald 
sak Truarc Retaining Rings. 

Truarc Rings are trouble-free, will not change position during 

operation. Accuracy is limited only by 

groove and ring dimension tolerances. 

And standardized Truarc Rings are 
nent quickly interchangeable in overhaul 
[AS which now takes only 11 minutes, can - 
seg be handled by unskilled technicians. 
ing. 
per 
otec- 
tion +A = 
sen- | 
elec- \ ine N = Weight Saving: 7.25 oz. 
dis- H ‘ = 
Assembly Time 

Saving: .....6/2 min. 
nite. = DOLLAR SAVINGS: 
rino, = 
tech. = Material ....... $ .93 
hot- | — Fabrication ..... 6.88 
und- 

Alternate design Ly Truarc design La Inspection ...... 1.07 
ure- 
asity Total $8.88 
ond, Truarc 5100-287 ring retains shutter speed and shutter assemblies accurately to camera $ 
Lug., adjustment mechanism on the Lens Adapter body. Alternate design required retaining 

Plate Assembly which mounts and locks the lens washer, spring, collar and 4 locking screws. 
s0to- 

Raia 

cael Whatever you make, there’s a Waldes Truarc Ring de- _ rials through to the finished product. Every step in manufac- 
signed to save you material, machining and labor costs, | ture watched and checked in Waldes’ own modern plant. 

ees and to improve the functioning of your product. Field Engineering Service: More than 30 engineer- 

raph In Truarc, you get ing-minded factory representatives and 700 field men 

Complete Selection: 36 functionally different types. Fe Of your call. 

As many as 97 standard sizes within a ring type. 5 metal ~— Design and Engineering Service not only helps you 
si specifications and 14 different finishes. All types avail- select the proper type of ring for your purpose, but also 
“pal able quickly from leading OEM distributors in 90 stock- helps you use it most efficiently. Send us your blueprints 
and ing points throughout the U.S. and Canada. today...let our Truarc engineers help you solve design, 
Kh, Controlled Quality from engineering and raw mate- assembly and production problems...without obligation. 
sian. 
ting For precision internal grooving and undercutting ...Waldes Truarc Grooving Tool! 
con- 

| Li- / \ , Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C.1,N.Y. | 
Ktov. { \\ ® | Please send new, descriptive catalog showing all | 
July, \{ }} l types of Truarc rings and representative case his- | 
Dis- \ y), tory applications. (Please print) | 
ssion a) 

\ | Name | 
| Title | 
stre- = » = | | 
Vida. A Company | 
RETAINING RINGS | Business Address | 
Slan. 
cular 47-16 AUSTEL PLACE, L.1.C.1, N.Y. 
sikh- 2'544,631; 2,546,616; 2,547,263; 2.558.704; 2.574.034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries. 
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We give you a partner, when your project’s 
under this roof 


When you invite us to develop and produce aircraft 
systems or equipment, we immediately assign a 
top man to get you what you want and need. 

He goes direct... pares away time. . . deals in 
a straight line with our engineers, production per- 
sonnel and any others who can contribute to the 
success of your project. 

Suppose, for example, a change in aircraft specs 
comes in, after production’s under way. It calls for 
a new systems design. Your “partner” (Project 


& Heintz AIRCRAFT SYSTEMS AND EQUIPMENT 


Manager) acts immediately. Stops production. Im- 
plements engineering changes. Unravels any knotty 
problems up and down the line. So in minimum 
time, the new design is up to top-speed production. 

Our Project Managers are one more reason why 
under one roof Jack & Heintz produces the widest 
range of aircraft electric systems and equipment 
available from any single source. 

We invite your inquiry. Write Jack & Heintz, 
Inc., 17632 Broadway, Cleveland 1, Ohio. 
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sia Dinamicheskikh Sistem s Peremen- 
nymi Parametrami. V. V. Solodovnikov 
and A. M. Batkov. AN SSSR Dobkl., 
May 11, 1957, pp. 304-307. In Russian. 
Discussion of optimum characteristics of 
a certain class of dynamic systems w ith 
variable parameters. 

Uslovno Ustoichivye Reguliruemye Sis- 
temy (Ob Odnom Klasse Optimal’nykh 


Sistem). A. M. Letov. Avtom. i Tele- 
mekh., July, 1957, pp. 601-614. In 
Russian. Discussion covering condition- 


ally stable control systems. 

Avtomaticheskii Kontrol’ Urovnia Zhid- 
kosti Fazovym Metodom na UI’trakorot= 
kikh Volnakh. V. B. Brodskii. Avtom.i 
Telemekh., July, 1957, pp. 640-652. In 
Russian. Development of the theory of 
automatic control of a liquid level by 
means of the phase method using ultra- 
short waves. 

Priblizhennoe Opredelenie Protsessa 
Ustanovleniia Avtokolebanii v Nekoto- 
rykh Nelineinykh Sistemakh Avtomati- 
cheskogo Regulirovaniia. A. A. Voronov. 
Avtom. i Telemekh., July, 1957, pp. 631— 
639. In Russian. Approximate defini- 
tion of the self-excited oscillations tran- 
sient in certain nonlinear automatic-control 
systems. 

Les Equipements Electriques et Elec- 
troniques de Mesure et de Commande 
dans l’Automatisme. U. J. P. Zelbstein. 
Soc. Ingr. Civ. France, Mem., May-June, 
1957, pp. 234-252. In French. Review 
of electric and electronic equipment for 
measurement and control as related to 
automation. 


Opredelenie Koeffitsientov Pereda- 
tochnykh Funktsii Linearizovannykh 
Zven’ev i Sistem Avtoregulirovaniia. 


M. P. Simoiu. Avtom. i Telemekh., June, 
1957, pp. 514-528. In Russian. Deter- 
mination of transfer-function coefficients of 
linearized units and of control systems. 

Quantitative Design of Servo Systems 
by Frequency-Response Methods. II— 
Logarithmic Response Curves. III—Gain 
-Phase Relationships. J. M. Nightin- 
gale. Mach. Des., July 25; Aug. 8, 1957, 
pp. 89-93; 90-93. 

Ein- und zweistufige elektrohydrauli- 
sche Servoventile. Hermann Marx. Ra- 
ketentech. & Raumfahrtforsch., July, 1957, 
pp. 48, 49. In German. Description of 
single- and double-stage electro-hydraulic 
servovalves. 

A Generalisation of the Nyquist Sta- 
bility Criterion with Particular Reference 
to Phasing Error. R. H. Merson. Gt. 
Brit., ARC CP 330 (May, 1954), 1957. 9 
pp. BIS, New York, $0.36. Analysis of 
the effect of phasing error on the stability 
of a two-dimensional linear servomecha- 
nism, and investigation of the more general 
case of a number of identical servos with 
cross coupling. 


Flight Instruments 


Aircraft Stall Warning. Prod. Eng., 
Aug., 1957, pp. 160, 161. Description of 
two devices to help pilots maintain an op- 
timum flight attitude when landing and to 
warn of approaching stalls during low- 
speed maneuvers. 


Flow Measuring Devices 


Mass Flowmeter for In-Flight Refuel- 
ing. C. F. Taylor. (ASME Av. Div. 


AERONAUTICAL REVIEWS 


Conf., Los Angeles, Mar. 14-16, 1956, Pa- 
per 56-AV-20.) Trans. ASME, July, 
1957, pp. 1,039-1,042. Description of a 
flowmeter transmitter that is capable of 
continuous and precise indication of total 
pounds of fuel transferred and the mass 
flow rate. 


Gyroscopes 


Teoriia Dvukhgiroskopicheskoi Verti- 
cali. A. Iu. Ishlinskii. Prikl. Mat. 7 
Mekh., Mar.-Apr., 1957, pp. 175-183. In 
Russian. Development of a theory of a 
double-gyroscopic vertical. 


Pressure Measuring Devices 
High-Speed High-Pressure Gage. P. 


L. Edwards. Instruments & Automation, 
Aug., 1957, pp. 1,504-1,506. Discussion 
of the development of a gage to withstand 
temperatures of up to 4,000°K. and _ pres- 
sures up to 100,000 psi, and its principles of 
operation. A crystal is cemented to a 
thin steel plate which bends under pres- 
sure, setting up piezoelectric current. 

An Automatic Null Method Recording 


Manometer. H. R. B. Hack. J. Sci. 
Instr., July, 1957, pp. 280-282. Descrip- 


tion of a simple technique for maintaining 
the position of the mercury meniscus of a 
manometer within less than 1 mm. when 
pressure changes across the meniscus occur 
at arate of up to 1 cm. of mercury per min. 


Stress & Strain Measuring Devices 


A Sensitive Electronic Strain Gauge. 
H. L. Allsopp and D. F. Gibbs. J. Sci. 
Instr., Aug., 1957, pp. 308-311. Descrip- 
tion of a gage developed for investigating 
the electromechanical properties of ferro- 
electric barium titanate. 


Temperature Measuring Devices 


Thermométres 4 Résistance pour la 
Détermination des Flux de Chaleur dans 
les Phénoménes Transitoires Rapides. J. 
Cornillon. Docaéro, June, 1957, pp. 
35-52. 18 refs. In French. Develop- 
ment of a theory for the application of re- 
sistance thermometers to measurement of 
heat fluxes in rapid transient phenomena, 
with results obtained in shock tubes, and 
with a review of other possible applica- 
tions. 


Vibration Measuring Devices 


The Use of Ferroelectric Ceramics for 
Vibration Analysis. R. C. Kell, G. A. 
Luck, and L. A. Thomas. J. Sci. Instr., 
July, 1957, pp. 271-274. Description of 
two accelerometers using ferroelectric 
ceramics. One of the accelerometers is 
used in vibration testing, the other in 
vibration-strain gages for determining the 
resonant frequencies of mechanical struc- 
tures. 


Laws & Regulations 


Problems of Federalism in the Air Age. 
I. Eugene A. Weibel. J. Air Law & 
Commerce, Spring, 1957, pp. 127-150. 
87 refs. 

The New Contract Between Air Car- 
riers and Passengers. Julian G. Gazdik. 
J. Air Law & Commerce, Spring, 1957, pp. 
151-168. 33 refs. Paragraph-by-para- 


Pressure Regulators 


Size, weight, performance—a key con- 
sideration in helium pressurization 
projects. Turn to R-F Aeronautical — 
a prime source for helium control 
components. Engineering experience, 
complete helium testing facilities... 
combined to meet your pressurization 
requirements — faster and better. 


TYPICAL — this missile borne Helium 
Pressure Regulator with integral shut-off. 
INLET PRESSURE: 325+25 psig, NOMINAL 
OUTLET PRESSURE: 20+0.5 psia (or psig), 
FLOW RATE: 2000 scfm, OPERATING TEMP: 
AMBIENT: —65° to 165°F, GAS: —80° to 
350°F, INITIAL RESPONSE TIME: 20j:Sec. 
WEIGHT: 2.75 Ibs. max. DIMENSIONS: 674” 
x3%”"x5-15/16”, no flutter, chatter, over- 
shoot, or instability. 


At R-F Aeronautical — a complete line 
of helium pressure regulators... 
shelf and to specification... smaller, 
lighter, more reliable. Write for 


technical datigy 9 


products for progress 
by the Meno 


way at Euclid Avenue 


santa Ana Free 


Anaheim, California 7" 


Sponsor: The Annual Helium Symposium 
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graph review of the new contract, with 
comment on certain general principles. 

A Conference on Control and Protection 
of Airport Approaches, Held at the Uni- 
versity of California, Berkeley, Novem- 
ber 15, 1956. I-—-The Over-All Problem, 
Sidney Goldstein. II—The Municipal 
Viewpoint, J. Kerwin Rooney. II— 
The County Viewpoint, Harold W. Ken- 
nedy. IV—The Federal Viewpoint, Ches- 
ter G. Bowers. J. Air Law & Commerce, 
Spring, 1957, pp. 169-202. 15 refs. 

Liability of Aircraft Owners and Opera- 
tors for Ground Injury. William C. 
Wolff. J. Air Law & Commerce, Spring, 
1957, pp. 203-221. 74 refs. 


Machine Elements 


Flexible Couplings. Engr. Dig., July 
1957, pp. 271-302. Survey covering spe- 
cific properties, classification and descrip- 
tions, and detailed discussion of all metal 
couplings and couplings incorporating 
nonmetallic components. 

O Noua Metoda de Studiu Interesind 
Teorie Mecanismelor si a Masinilor. D. 
Mangeron, C. Dragan, and V1. Svijevschi. 
Stud. Cerc. Mec. Aplic., Jan.-Mar., 1957, 
pp. 51-62. In Rumanian. Development 
of a method to study the theory of mech- 
anisms and machines. 


Bearings’ 


The Fluid Dynamic Theory of Gas- 
Lubricated Bearings. J. S. Ausman. 
(ASME-ASLE Lubrication Conf., Atlan- 
tic City, Oct. 8-10, 1956, Paper 56-L UB-6.) 
ASME Trans., Aug., 1957, pp. 1,218- 
1,224. Derivation, from the basic equa- 
tions of fluid mechanics, of a differential 
equation for the pressure distribution in 
gas-lubricated slider bearings. A pertur- 
bation solution is carried out for the spe- 
cial case of an infinitely wide, self-lubricat- 
ing, journal bearing. 

Properties of Integral Seal Ball Bearings 
and Their Use by the Engineer. Michael 
T. Monich and Carter T. Bragdon. GM 
Eng. J., July-Aug.-Sept., 1957, pp. 8-15. 
Comparative seal evaluation based on 
standardized laboratory procedures em- 
ployed by the New Departure division of 
General Motors. Information concerning 
the effect of operational factors, such as the 
influence of temperature and speed on the 
grease life of sealed bearings, is also given. 

How to Select and Use Linear Ball 
Bushings to Obtain Low-Friction Rolling- 
Contact Linear Motion. Howard R. 
Havemeyer. Mach. Des., Aug. 22, 1957, 
pp. 120-127. 


Friction 


Studiul Coeficientului de Frecare Intr- 
un Lagar Circular cu Ajutorul Curbelor 
p = g(V). Gh. Vasilea. Stud. Cerc. 
Mec. Ablic., Jan.-Mar., 1957, pp. 75-84. 
In Rumanian. Calculation of the fric- 
tion coefficient in ball bearings using the 
pb = g(V) curves. 

K Voprosu o Zavisimosti Koeffitsienta 
Treniia ot Skorosti. V. D. Kuznetsov 
and V. I. Flerov. AN SSSR Dokl., Apr. 
11, 1957, pp. 1,050-1,052. In Russian. 
Study of the dependence of the coefficient 
of friction on velocity. 

Ob Atomarnom Skhvatyvanii Materia- 
Jov pri Trenii. D, N. Garkunov and I. V. 


Kragel’skii. AN SSSR Dokl., Mar. 11, 
1957, pp. 326, 327. In Russian. Discus- 
sion of the atomic capture from solids in 
friction. 


Maintenance 


Osobennosti Organizatsii Remonta Re- 
aktivnykh Dvigatelei. G. Osipchik. Grazh- 
danskaia Aviatsiia, June, 1957, pp. 32, 
33. Discussion of maintenance problems 
of turbojet engines. 


Materials 


K Voprosu o Prirode Vidimykh v Mikro- 
scop Linii Sdviga. A. A. Bochvar and 
Iu. A. Preobrazhenskaia. AN SSSR 
Dokl., Mar. 21, 1957, pp. 564-566. In 
Russian. Review of studies on the mech- 
anism of plastic deformation in metals, 
with an analysis of the nature of slip bands 
visible under the microscope. 

Stress Measurement in Cylindrical Ves- 
sels. H.N. Ritland. Am. Ceramic Soc. 
J., May 1, 1957, pp. 158-158. Analysis of 
the birefringence patterns in the walls of 
glass cylinders, with calculation of patterns 
expected from parabolic and bending 
stresses. 

Viscous Flow in Glass-to-Metal Seals. 
H. E. Hagy and H. N. Ritland. (Am. 
Ceramic Soc., 58th Annual Meeting, 
New York, Apr. 23, 1956.) Am. Ceramic 
Soc. J., Feb. 1, 1957, pp. 58-62. 

Characteristics of Refractory Oxide 
Coatings Produced by Flame-Spraying. 
Neil N. Ault. (Am. Ceramic Soc., 58th 
Annual Meeting, New York, Apr. 23, 
1956.) Am. Ceramic Soc. J., Mar. 1, 
1957, pp. 69-74. 11 refs. 


Corrosion & Protective Coatings 


Conversion Coatings for Metals. 
ert J. Fabian. Materials in Des. Eng., 
Aug., 1957, pp. 121-136. Review of 
chemical or electrochemical conversion 
coatings, formed by the modification of 
metal surfaces into an inert, inorganic 
film which is an integral part of the basis 
metal. 

The Coatings that Go on the Satellite. 
Georg H. Hass. Mag. of Magnesium, 
Aug., 1957, pp. 4, 5. Discussion of alumi- 
num and silicon oxide coatings to permit 
reflection of light for visual tracking and 
yet emit the absorbed energy of the sun to 
stabilize the satellite’s temperature. 


Rob- 


Metals & Alloys 


Microtitrations with Ethylenediamine 
Tetraacetic Acid. X—Direct Titration of 
Manganese in Pure Solutions and in the 
Presence of other Metals. H. Flaschka 


and A. M. Amin. (Mikrochim. Acta, 
No. 4, 1953, pp. 414-420.) Gt. Brit., 
RAE Lib. Transl. 672, June, 1957. 6 pp. 


11 refs. 

Austenitic Cr-Fe-Ni Alloys Resistant to 
Stress Corrosion Cracking in Magnesium 
Chloride. H. Uhlig, A. White, and J. 
Lincoln, Jr. Acta Metallurgica, Aug., 
1957, pp. 473-475. OSR-supported ex- 
periments which demonstrate that a pre- 
cipitation process is probably responsible 
for susceptibility to cracking and that the 
phase transformation from austenite- to 
ferrite-Jining cold working plays a role in, 


= 


1957 


but is not a necessary condition for, sus. 
ceptibility. 

The Cleveland Conference: 
Temperature Materials; 
Summary. J. Metals, July, 1957, pp, 
964-968. Partial contents: Observa- 
tions of SAP and Present Theories for its 
Remarkable High Temperature Strength, 
Fritz Lenel. Status and Future of Cobalt. 
Base Alloys, Glenn Fritzlen. Cermets 
and Bonded Hard Metals, John T. Norton, 
Chromium-Base Alloys for High-Temper- 
ature Applications, R. W. Fountain and 
M. Korchynsky. Effects of Vacuum 
Melting Upon Gas Content and Metal 
Structure of Cast Nickel Base Alloys, C. 
M. Hammond and R. A. Flinn. 

On a Mechanism of High Temperature 
Intercrystalline Cracking. C. W. Chen 
and E.S. Machlin. J. Metals, July, 1957, 
pp. 829-835. 13 refs. Experimental in- 
vestigation to determine the factors re- 
sponsible for the nucleation and growth of 
intercrystalline voids in specimens sub- 
jected to high temperature and stress. 

Recent Developments in High-Temper- 


High- 
Technical 


ature Alloys. N. E. Promisel. (SAE 
Natl. Aero. Meeting, New York, Apr. 
2-5, 1957, Preprint 89.) Mach. Des., 


July 25, 1957, pp. 108-110. 

Elevated Temperature Phase Relation- 
ships in the Cr-Ni-Mn-N System. E. J. 
Whittenberger, E. R. Rosenow, and D. J. 
Carney. J. Metals, July, 1957, pp. 889- 
895. Experimental investigation with 
structural diagrams for the selection of 
ferrite-free stainless compositions con- 
taining little or no nickel. 

Temperature Dependence of the Hard- 
ness of Secondary Phases Common in 
Turbine Bucket Alloys. J. H. Westbrook. 
J. Metals, July, 1957, pp. 898-904. 68 
refs. Synthetization in bulk of represen- 
tative examples of the most common types 
of secondary phases in turbine bucket al- 
loys, and measurement of their hardness 
from room temperature to 800°C. 

Design for Metal-Powder Parts. Rob- 
ert Talmage and John Kolb. Prod. Eng., 
Aug., 1957, pp. 183-190. Presentation of 
pertinent data, with emphasis on the en- 
gineering philosophy and general consider- 
ations applying to such elementary factors 
as part volume, weight, dimensions, 
shape, and density as they occur in each 
component designed for the process. 

Prochnost’ i Plastichnost’ Modifitsiro- 
vannogo Chuguna pri Razlichnykh Napria- 
zhennykh Sostoianiiakh. Iu. I. Iagn 
and V. V. Evstratov. AN SSSR Dobkl., 
Mar. 21, 1957, pp. 573-575. In Russian 
Description of experiments to determine 
strength and plasticity of modified cast 
iron in varying states of stress. 

Un Aspect Nou al Rezistentei la Obose- 
ala Influenta $ocurilor Aditionale Repe- 
tate Asupra Rezistentei la Oboseala. 5t. 
Nadasan and TI. Hajdu. Stud. Cerc. 
Stiint., Jan.—June, 1956, pp. 29-41. In 
Rumanian, with summaries in French and 
Russian. Study of the behavior of steel 
under cyclic and dynamic loading, with 
description of the test equipment. 


Metals & Alloys, Nonferrous 


Aging in Complex Commercial Ni-Cr 
Alloys Hardened with Titanium and Alu- 
minum. Robert F. Wilde and Nicholas 
J. Grant. J. Metals, July, 1957, pp. 865- 
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Rigidity! At equal weight, magnesium is 18 times stiffer than steel 


Magnesium’s unique combination of strength and light 
weight gives it some outstanding abilities as a structural 
metal. Take rigidity, for example. A magnesium bar has 
22% the stiffness of a steel bar of the same dimensions. 


But stiffness increases as the cube of section thickness. So, if 
thickness of the magnesium is increased to twice that of the 
steel, the magnesium bar will be over 70% more rigid—yet 
weigh only half as much. And if thickness is further increased 
until the bars are of equal weight, the magnesium bar will be 
1878%—or over 18 times—more rigid! 


YOU CAN DEPEND ON 


Similarly, a magnesium bar of equal rigidity to an aluminum 
bar will weigh only 75% as much as the aluminum bar. At 
equal weight, the magnesium bar will be over twice as stiff. 


From these facts it’s easy to see that magnesium can do a 
structural job equal to or better than steel and aluminum— 
and with appreciable savings in weight—whenever it’s prac- 
tical to increase section thickness. For more information 
contact the nearest Dow sales office or write to us. THE 
DOW CHEMICAL COMPANY, Midland, Michigan, Magnesium 
Department, MA 1402C-2. 
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872. Experimental investigation of four 
alloys to determine the effects of two solu- 
tion and two aging treatments on rupture 
life and ductility. Includes a quantitative 
determination of the various carbides. 
Molybdenum Parts Are Not Hard to 
Make. Raymond W. Yancey. Mate- 
rials in Des. Eng., Aug., 1957, pp. 112-115. 
Discussion of properties of molybdenum 
in terms of various fabrication methods. 
Plastic Deformation of Aluminum 
Single Crystals at Elevated Temperatures. 
R. D. Johnson, A. P. Young, and A. D. 


Schwope. U. S., NACA Rep. 1267, 
1956. 31 pp. 70 refs. Supt. of Doc., 
Wash., $0.35. Includes constant-stress 


creep tests for the 400°-900°F. tempera- 
ture range; constant-load creep tests at 
temperatures up to 1,100°F.; constant- 
load-rate tests at temperatures of 82°, 
500°, and 1,100°F. for single crystals of 


two purities; experiments on the effect of 
small amounts of prestraining, by two 
methods, on the creep and tensile proper- 
ties of the latter crystals; and observation, 
by light microscopy, of the details of the 
kinking process. 

Overheating Effects in High Strength 
Aluminium Alloys. T. R. G. Williams. 
Metallurgia, July, 1957, pp. 33-87. Dis- 
cussion of overheating effects resulting 
from abnormally low solidus temperatures 
or inadequate temperature control during 
homogenization. 

Application Characteristics of Titanium 
Bolts. Joseph Viglione. Mach. Des., 
Aug. 8, 1957, pp. 86-89. Study to eval- 
uate the influence of nut materials and 
thread lubricants on the seizing and gall- 
ing characteristics of titanium threads as 
related to torque requirements of tita- 
nium-alloy bolts, and to establish the de- 


DELAVAN 


FUEL INJECTORS 


precision and design 


the world over 


g Designing, developing and manufacturing 
fuel and propellent injection nozzles requires 


unique standards of excellence. 


Délavan, long a pioneer in the field of fuel 
injection, utilizes the most modern plant 

and testing facilities. Such facilities — and 
vast experience in producing nozzles for 
America’s leading gas turbine manufacturers — 
are unparalleled in the industry. This background 
can save you important development 


time on new projects. 


Be sure Delavan is on your vendor team 


WEST DES MOINES, 
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| Methods of Oxygen Analysis. 


gree of relaxation of titanium-alloy bolts 
as compared to that of similar steel bolts 
at identical working loads. 

Hydrogen Distribution in Heat-Treated 
Titanium as Established by Autoradiog- 
raphy. O. J. Huber, J. E. Gates, A. P. 
Young, M. Pobereskin, and P. D. Frost. 
J. Metals, July, 1957, pp. 918-923. 


Nonmetallic Materials 


The Preparation and Polymerization of 


Perfluoroalkyl Propenyl Ketones. LD. A. 
Rausch, L. E. Coleman, and A. M. 
Lovelace. USAF WADC TR _ 56-492 
[AD 118158], Mar., 1957. 9 pp. 
refs. 


The Physico-Chemical Behaviour of Solu- 
tions of Alcohols and Phenols in Liquid 
Hydrogen Fluoride. W. Klatt. (Z. Anorg. 
Allg. Chem., No. 3, 1935, pp. 225-239.) 
Gt. Brit., RAE Lib. Transl. 653, May, 
1957. 15 pp. 

Solutions of Organic Acids in Hydrogen 
Fluoride. W. Klatt. (Z. Anorg. Allg. 


Chem., 1935, pp. 289-302.) Gt. Brit., 
RAE Lib. Transl. 654, May, 1957. 14 pp. 


Vnutrennie Napriazheniia v Zakalen- 
nykh Steklakh. I. I. Kitaigorodskii and 
V. L. Indenbom. AN SSSR _ Dokl. 
May 11, 1957, pp. 297-300. In Russian. 
Study of internal stresses in quenched 
glass. 

Termostoikost’ Stekla pri Okhlazhdenii. 
G. M. Bartenev and V. I. Rozanova. AWN 
SSSR, Otd. Tekh. Nauk Iszv., May, 1957, 
pp. 62-69. 14 refs. In Russian. Study 
of the thermal endurance of glass. 

Development of Craze ard Impact Re- 
sistance in Glazing Plastics by Multiaxial 
Stretching. G. M. Kline, I. Wolock, 
B. M. Axilrod, M. A. Sherman, D. A. 
George, and V. Cohen. U.S., NACA 
Rep. 1290, 1956. 16 pp. 15 refs. Supt. 
of Doc., Wash., $0.25. Tests to determine 
the crazing behavior of various types of 
transparent plastics and the effect of multi- 
axial stretching of the plastics on their 
crazing resistance and various physical 
properties. 

A Rheological Study of Polymethyl 
Methacrylate. E. Cianetti. (5th In- 
ternatl. Cong. Plas. Mat., Atti, 1954.) Gt. 
Brit., MOS TIL/T 4677, Apr., 1957. 6 pp. 

Preparation and Polymerization of Some 
Fluoroalkylmethylcyclosiloxanes. Eu- 
gene C. Stump, Jr. USAF WADC TR 
56-493 [AD 118344], May, 1957. 12 pp. 
11 refs. 


Testing 


Spectrographic Analyses of Solid Tita- 
nium. Jack A. Winstead. USAF WADC 
TR 56-500 [AD 118273], May, 1957. 22 
pp. Study to establish satisfactory exci- 
tation conditions for spectrographic analy- 
sis of solid titanium. 

Sampling Plans in ASTM Specifications. 
ASTM Bul., July, 1957, pp. 47-51. Sur- 
vey of statistical sampling plans for use in 
quality control of materials. 

Recent Progress in Electro-Chemical 
Fritz Tédt. 
Gt. Brit., CDEE Porton Transl. 199, May 
28, 1957. Spp. 12 refs. 

Novyi Pnevmaticheskii Skorostnoi 
Koper. A. A. II'’ushin and P. M. Ogibalov. 
AN SSSR Otd. Tekh. Nauk Izv., Mar., 
1957, pp. 57-65. In Russian. Description 
of the equipment used in testing materials. 
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New Depecrture makes a 
complete line of jet en- 
gine, auxiliary turbine, 
and accessory bearings 
for the aircraft industry. 


Instrumentation and control console for 
test stand shown above, for testing 
full-scale mainshaft ball bearings. 


ew 


FORWARD FROM FIFTY 
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NOTHING ROLLS LIKE A BALL 


Test stand for running jet engine ball 
bearings at high speeds, high tempera- 
tures under heavily loaded conditions. 


RESEARCH NEVER STOPS! 


~Tomorrow’s needs are today’s concern at the 


aircraft ball bearing research facilities at New 
Departure. For, the future development of the 
ball bearing will be closely identified with future 
engine design trends. This means New Departure 
spares no effort in developing bearings to operate 
at higher speeds, heavier loads, and under higher 
temperatures with good bearing-life predictability. 


As always, New Departure keeps pace with chang- 
ing conditions in the industry. For New Departure’s 
design and fabrication processes for current high- 
speed, high-temperature, heavily loaded ball bear- 
ings are major factors in the successful operation 
of today’s jet engines, as well as auxiliary turbines 
and accessories. 


For aircraft and accessory bearings, send for 
CATALOG ABC. 


For data on research progress for jet engine bearings, 
send for REPRINT JEB. 
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Mathematics 


On a Class of Differential Equation Gov- 
erning Non-Linear Vibrations. A. W. 
Gillies. Quart. J. Mech. & Appl. Math., 
Aug., 1957, pp. 342-359. Study of the 
differential equation of the form f(D)x + 
g(D)y = F(t), where y is a function of x, 
and is expansible in terms of x. F(t) is a 
simple periodic function and D is the oper- 
ator d/dt. 

O Lokal’noi Bezgranichnoi Delimosti 
Markovskikh Protsessov. A. V. Marty- 
nov. AN SSSR Dokl., Apr. 1, 1957, pp. 
752-755. In Russian. Study of the local 
infinite divisibility of Markoff processes. 

Ob Odnoi Matematicheskoi Simvolike, 
Udobnoi pri Provedenii Vychislenii na 
Mashinakh. L. V. Kantorovich. AN 
SSSR Dokl., Apr. 1, 1957, pp. 738-741. 
In Russian. Presentation of mathematical 
symbols applicable to electronic computer 
operations. 

Ob Ellipticheskikh Urovneniiakh, So- 
derzhashchikh Malye Parametry pri Star- 
shikh Proizvodnykh. M. I. Vishik and 
L. A. Liusternik. AN SSSR_ Dokl., 
Apr. 1, 1957, pp. 734-737. In Russian. 
Discussion covering elliptical equations 
containing small parameters in terms with 
higher derivatives. 

Nekotorye Effektivnye Sposoby Reshe- 
niia Zadachi Chebysheva o Nailuchshem 


Priblizhenii. V. N. Burov. AN SSSR 
Dokl., Apr. 1, 1957, pp. 731-733. In Rus- 
sian. Presentation of some _ effective 


methods to solve Chebyshev's problems of 
best approximation. 

O Privedenii k Treugol’nomu Vidu 
Kvaziunitarnykh Operatorov. \V. T. Po- 
liatskii. AN SSSR Dokl., Apr. 1, 1957, pp. 
756-759. In Russian. Discussion of the 
reduction of quasi-unitary operators to a 
triangular form. 

Kodirovanie i Svertyvanie Kodov. L. 
N. Korolev. AN SSSR Dokl., Apr. 1, 
1957, pp. 746, 747. In Russian. Discus- 
sion of coding techniques. 

K Resheniiu Bigarmomicheskoi Zada- 
chi. T. I. Amanov. AN SSSR_ Dokl., 
Apr. 1, 1957, pp. 727-730. In Russian. 
Derivation of the solution of the bihar- 
monic problem. 

O Nedostatochnosti Metoda Kharak- 
teristicheskikh Pokazatelei v Primenenii 
kjNelineinym Uravneniiam. R. E. Vino- 
grad. AN SSSR Dokl., May 11, 1957, 
pp. 239, 240. In Russian. Discussion 
of the inadequacy of the method of charac- 
teristic exponents when applied to nonlin- 
ear equations. 

K Teorii Priblizheniia Funktsii Linei- 
nymi Kombinatsiiami Sobstvennykh 
Funktsii Zadachi Sturma-Liuvillia. G. I. 


Natanson. AN SSSR _ Dokl., May 11, 
1957, pp. 263-266. In Russian. De- 


velopment of a theory for approximating 
functions by linear combinations of Sturm- 
Liouville characteristic functions. 

O Sil'no Minimal’nykh Poverkhno- 
stiakh Rimanova Prostranstva. D. \V. 
Beklemishev. AN SSSR Dokl., May 11, 
1957, pp. 256-258. In Russian. Discus- 
sion of strongly minimal surfaces of the 
Riemann space. 

O Periodicheskikh Resheniiakh Dif- 
ferentsial’'nykh Uravnenii s Zapazdyva- 
niem Vremeni. N. N. Krasovskii. AN 
SSSR Dokl., May 11, 1957, pp. 252-255. 
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12 refs. In Russian. Derivation of pe- 
riodic solutions of differential equations 
with time lag. 

O Povedenii Sobstvennykh Funk- 
tsii Samosopriazhennykh Operatorov. 
A. G. Kostiuchenko. AN SSSR Dokl., 
May 11, 1957, pp. 249-251. In Russian. 
Study of the behavior of eigenfunctions of 
selfadjoint operators. 

Otsenka Summy Defektov Meromorf- 
noi Funktsii Poriadka Men’she Edinitsy. 
A. A. Gol’dberg. AN SSSR Dokl., May 
11, 1957, pp. 245-248. In Russian. Es- 
timation of the sum of deficiencies of a 
meromorphic function of order less than 
unity. 

Zum Differenzenverfahren bei parabo- 
lischen Differentialgleichungen. Julius 
Albrecht. 74MM, May-June, 1957, pp. 
202-224. In German. Discussion of the 
method of finite differences as applied to 
parabolic differential equations (heat-con- 
duction and bar vibrations), with particu- 
lar attention to the connection between 
stability, step size in time direction, and 
the position of the lattice points used; 
accuracy (Mehrstellen method); curved 
boundaries; and Runge-Kutta’s principle. 

Fehlerabschatzung fiir das Ritz-Galer- 
kinsche Verfahren bei Eigenwertpro- 
blemen. G. Betram. ZA MM, May-June, 
1957, pp. 191-201. 10 refs. In German. 
Presentation of lower bounds and asymp- 
totic relations for the ordinary eigenvalue 
problems of the one-member class, and 
proof that the Ritz-Galerkin method is 
convergent. 

Asimptotika Funktsii Chaplygina i ikh 
Proizvodnykh. S. Kk. Aslanov. Prikl. 
Mat. 1 Mekh., Mar.-Apr., 1957, pp. 297- 
302. In Russian. Analysis of the asymp- 
totic behavior of Chaplygin’s functions 
and their derivatives in the flow theory. 

Ob Ustoichivosti Reshenii Uravnenii 
s Zapazdyvaiushchim Argumentom. Iu. 
M. Repin. Prikl. Mat. i Mekh., Mar. 
Apr., 1957, pp. 253-261. In Russian. 
Study of the stability of solutions for 
equations with lagging argument. 

Uber das Argument der analytischen 


Funktionen. A. Nazim Terzio%lu and 
Suzan Kahramaner. Jstanbul U., Fen 
Fakilt. Mecmuasi, Ser. A, July—Oct., 


1956, pp. 145-158. In German. Discus- 
sion of the argument of analytic functions. 

Otsenka Tochnosti Priblizhennogo 
Vychisleniia Sobstvennogo Znacheniia 
Metodom Galerkina. G.I. Petrov. Prikl. 
Mat. Mekh., Mar.-Apr., 1957, pp. 
184-188. In Russian. Application of 
the Galerkin method to determine the ac- 
curacy of a1 approximate solution of eigen- 
values. 

Uravnenie, Opredeliaiushchee Zakon 
Raspredeleniia Integrala Sistemy Obyk- 
novennykh Differentsial’nykh Uravnenii, 
Soderzhashchikh Sluchainye Parametry. 
B. G. Dostupov and V. S. Pugachev. 
Avtom. i Telemekh., July, 1957, pp. 620 
630. 15 refs. In Russian. Derivation 
of an equation to define a probability dis- 
tribution of the integral of a system of 
ordinary differential equations with ran- 
dom parameters. 

Numerische Integration von gewohnli- 
chen Differentialgleichungen durch In- 
terpolation nach Hermite. W. Quade. 
ZAMM, May-June, 1957, pp. 161-169. 
In German. Construction of formulas for 


the numerical integration of a differentia] 
equation of the form y’ = f(x, y), using 
polynomials obtained by means of Her- 
mite interpolation and adapted to the 
field of direction of this equation. 

Hill’s Equation. I—General Theory, 
Wilhelm Magnus and Abe Shenitzer, 
NYU Inst. Math. Sci., Div. Electromagn, 
Res., Res. Rep. BR-22 (AFOSR TN 
57-291) [AD 132362], June, 1957. 42 pp, 
27 refs. Detailed account of the elements 
of the theory of Hill’s equation, brief re- 
view of the more sophisticated recent re- 
sults, and guide to the extensive literature 
on special cases and their applications to 
mechanical and electrical problems. 

Retracts from Neighborhood Retracts, 
W.L. Strother and I. E. Ward, Jr. Miami 
U. (Fla.) Rep. 8 (AFOSR TN 57-227) 
[AD 126525], Apr. 30, 1957. 8 pp. ll 
refs. Analysis to obtain an answer to the 
question, suggested by analogies between 
neighborhood retracts and the null-homo- 
topic fixed point property, whether the 
fixed point property of the space of closed 
subsets of X is equivalent to the null-ho- 
motopic fixed point property in X. 

Schwarz Lemma in the Theory of Func- 
tions of Several Complex Variables. K. 
H. Look. Sci. Rec., Apr., 1957, pp. 5-8. 
12 refs. 

Uniqueness of Multiple Trigonometric 
Series. Victor L. Shapiro. Rutgers U. 
Rep. (AFOSR TN 57-51)[AD 115090), 
Jan. 31, 1957. 22 pp. Proof of two theo- 
rems. 

Les Séries Chronologiques et la Théorie 
du Hasard. M. Kiveliovitch and J. 
Vialar. France, Min. de l'Air NT 65, 
1957. 129pp. SDIT, 2, Av. Porte-d’Issy, 
Paris 15, Frs. 1,650. In French. Study 
of chronological series and the theory of 
chance, with examples of the theory of 
games, economics, and meteorology. 

On the Hilbert Matrix, Il. Marvin 


Rosenblum. Va. U., Dept. Math. TN 1 
(AFOSR TN 57-394) [AD 132469], 
July, 1957. 6pp. 11 refs. 

Primer Posledovatel’nosti Lineinykh 
Polozhitel’nykh Operatorov v_ Pro- 
stranstve Nepreryvnykh Funktsii. VV. A. 


Baskakov. AN SSSR _ Dokl., Mar. 11, 
1957, pp. 249-251. In Russian. Ex- 
ample of the sequence of linear positive 
operators in the space of continuous func- 
tions. 

K Voprosu o Chisle Arifmeticheskikh 
Deistvii pri Reshenii Uravneniia Puassona 
dlia Kvadrata Metodom Konechnykh 
Raznostei. N.S. Bakhvalov. AN SSSR 
Dokl., Mar. 11, 1957, pp. 252-254. In 
Russian. Discussion covering the num- 
ber of arithmetical operations involved in 
solving Poisson’s equation for a square by 
means of finite differences. 

Normy Liapunova v Lineinykh Pros- 
transtvakh. Iu. S. Bogdanov. AN 
SSSR Dokl., Mar. 11, 1957, pp. 255-257. 
In Russian. Calculation of Liapunov’s 
norms in linear spaces. 

Ob Odnom Klasse Singuliarnykh In- 
tegral’nykh Uravnenii. E. 1. Kim. AN 
SSSR Dokl., Mar. 11, 1957, pp. 268-271. 
In Russian. Solution of a certain class 
of singular integral equations. 

O Matrichnykh Skhemakh. Iu. Ia. 
Ianov. AN SSSR Dokl., Mar. 11, 1957, 
pp. 283-286. In Russian. Development 
of matrix schemes. 


] 
I 


| 
# 
| 
- 
j 


rential 
using 
f Her- 
to the 


‘heory, 
nitzer, 
omagn, 
R TN 
42 pp. 
ements 
rief re- 
ent re- 
erature 
ions to 


tracts, 
Miami 
7-227) 
pp. ll 
to the 
etween 
-homo- 
ier the 
closed 
jull-ho- 


ymetric 
ers U, 
15090), 
o theo- 


 héorie 
ind J. 
VT 65, 
d'Issy, 
Study 
2ory of 
-OTV of 


32469), 


einykh 

Pro- 

VA 
ar. 11, 
1. Ex- 
OSitive 
s func- 


eskikh 
assona 
chnykh 
SSSR 
4. ‘In 
num- 
lved in 
1are by 


Pros- 
AN 
95-257. 


kh In- 
. AN 
38-271. 


n class 


fu. Ta. 
, 1957, 
ypment 


MIRACLE 
IN 
MINIATURE 


Observation and control of am- 


phibious and airborne landings. test performance. 


Close observation of jet or piston engine 


Observation of danger areas, 
where exposure would involve 
danger to personnel. 


Surveillance of assembly 
areas and movements 
of forces. 


Brand new! RCA ‘‘Telemite'’ (model JTV-1) a 1-pound 
ultra-miniature television camera, makes possible direct 
observation of sites and events never before accessible by TV 


It fits lightly into the hand; it can be carried in a 
pocket; it weighs about a pound; it will go places too 
small for ordinary cameras, too dangerous for man; it 
will observe without being conspicuous; it may be 
mounted on a tripod, fastened to wall or bulkhead, 
hand-held by a pistol grip. Size: 17%’ x 236" x 434”. 


By means of a transistorized circuit and the new RCA 
half-inch Vidicon, the ‘‘Telemite” actually surpasses 


Tmk(s) ® 


standard Vidicon-type industrial TV cameras in sensi- 
tivity. It produces clear, contrasty pictures with a 
scene illumination of 10-foot candles or less. 


The “Telemite’” operates with up to 200 feet of cable 
between it and the control monitor, and this distance 
can be further extended by using a repeater amplifier. 
This is the first TV camera to employ photoelectric 
sensitivity control, which provides automatic adapta- 
tion to widely varying scene illumination. 


DEFENSE ELECTRONIC PRODUCTS 


RADIO CORPORATION of AMERICA 


CAMDEN, N.J. 
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Vosstanovlenie Potentsiala po Matritse 
Rasseianiia dlia Sistemy Differentsial’- 
nykh Uravnenii. Z. S. Agranovich and 
V. A. Marchenko. AN SSSR_ Dokl., 
Apr. 11, 1957, pp. 951-954. In Russian. 
Re-establishment of the potential from the 
scattering matrix for a system of differen- 
tial equations. 

Usloviia Reguliarnosti Veroiatnostnykh 
Protsessov. V. G. Vinokurov. AN 
SSSR Dokl., Apr. 11, 1957, pp. 959-961. 
In Russian. Establishment of conditions 
for the regularity of stochastic processes. 

O Nekotorykh Ellipticheskikh Uravne- 
niiakh Chetnogo Poriadka, Soderzhash- 
chikh Malye Parametry pri Starshikh 
Proizvodnykh i Vyrozhdaiushchikhsia v 
Uravneniia Pervogo (i Voobshche Ne- 
chetnogo) Poriadka. M. I. Vishik and L. 
A. Liusternik. “AN SSSR Dokl., Apr. 
11, 1957, pp. 962-965. In Russian. Dis- 
cussion covering some even-order ellipti- 
cal equations containing small parameters 
in higher derivative terms and degenerat- 
ing into equations of order one or, gener- 
ally, of an odd order. 

Asupra unei Clase de Ecuatii cu Deri- 
vate Partiale si Coeficienti Constanti. V. 
Alaci. Stud. Cerc. Stiint., Jan.-June, 
1956, pp. 9-15. In Rumanian, with sum- 
maries in French and Russian. Develop- 
ment of a method for the solution of a 
class of equations with partial derivatives 
having constant coefficients. 

O Clasa Particulara de Ecuatii Liniare 
cu Derivate Partiale de Ordinul III, cu 
Trei Variabile Independente. O. E. Ghe- 
orghiu. Stud. Cerc. Stiint., Jan.-June, 
1956, pp. 17-27. In Rumanian, with sum- 
maries in French and Russian. Analysis 
of a class of linear equations with partial 
third-order derivatives having three inde- 
pendent variables. 

Neprivodimye Unitarnye Predstavleniia 
Gruppy Matrits Tret’ego Poriadka, Sokh- 
raniaiushchikh Indefinitnuiu Ermitovu 
Formu. M. I. Graev. AN SSSR Dokl., 
Apr. 11, 1957, pp. 966-969. In Russian. 
Irreducible unitary representations of the 
group of third order matrices conserving 
an indefinite Hermite form. 

O Kontinual’nom Analoge Odnoi For- 
muly Kristoffelia iz Teorii Ortogonal’nykh 
Mnogochlenov. M. G. Krein. AN S- 
SSR Dokl., Apr. 11, 1957, pp. 970-973. 
In Russian. Analysis of a continual 
analogue of a Christoffel formula from the 
theory of orthogonal polynomials. 


Ob “Opredeliaiushchikh’’ Statistikakh ; 
Odno Obobshchenie Problemy Momen- 
tov. Iu. V. Linnik. AN SSSR _ Dokl., 
Apr. 11, 1957, pp. 974-976. In Russian. 
Discussion of ‘determining  statistics’’ 
and generalization of the problem of mo- 
ments. 


Printsip Mazhorant i Metod Kasatel’- 
nykh Parabol dlia Nelineinykh Funktsio- 
nal’nykh Uravnenii. V.E. Mirakov. AN 
SSSR Dokl., Apr. 11, 1957, pp. 977-979. 
In Russian. Discussion of the major- 
anta principle and the method of tangent 
parabolas for nonlinear functional equa- 
tions. 

Lineichato-Geometricheskii Analog Tri- 
ortogonal’noi Sistemy Poverkhnostei. 
N. I. Kovantsov. AN SSSR_ Dokl., 
Mar. 21, 1957, pp. 497-500. In Russian. 
Development of the ruled surface geometry 


analog to a triorthogonal system of sur- 
faces. 

K Teorii Preobrazovanii Hausdorfa. 
A. A. Melentsov. AN SSSR Dokl., Mar. 
21, 1957, pp. 501, 502. In Russian. 
Contribution to the theory of Hausdorf 
transformations. 

O Ravnoskhodimosti Razlozhenii Fur’e- 
Chebysheva i Maklorena Analiticheskikh 
Funktsii Klassa H:. Ia. L. Geronimus. 
AN SSSR Dokl., Mar. 21, 1957, pp. 491, 
492. In Russian. Equiconvergence of 
Fourier-Chebyshey and Maclaurin ex- 
pansions of analytical Hy: class functions. 

Ob Otsenke Razmernosti Prostranstva 
Avtomorfnykh Form dlia Nekotorykh 
Tipov Diskretnykh Grupp. I. I. Piatet- 
skii-Shapiro. AN SSSR Dokl., Apr. 11, 
1957, pp. 980-983. In Russian. Esti- 
mate of the dimensionality of the space of 
automorphous forms for certain types of 
discrete groups 

Sushchestvovanie i Edinstvennost’ Re- 
sheniia Kraevykh Zadach Nelineinykh 
Obyknovennykh Differentsial’nykh Urav- 


nenii. Chan Chan Khun. AN SSSR 
Dokl., Apr. 21, 1957, pp. 1,227-1,230. 
10 refs. In Russian. Study of the exist- 


ence and uniqueness of boundary-prob- 
lem solutions for ordinary nonlinear dif- 
ferential equations. 

O Roste Chisla Vpolne Kriticheskikh 
Tsiklicheskikh Polei Stepeni B. M. 
Urazbaev. AN SSSR _ Dokl., Apr. 21, 
1957, pp. 1,222, 1,223. In Russian. On 
the growth of the number of completely 
critical cyclic fields of /" degree. 

Invarianty Vtorogo Poriadka Kvaternar- 
noi Differentsial’noi Kvadratichnoi Formy. 
P. I. Petrov. AN SSSR Dokl., Apr. 21, 
1957, pp. 1,214-1,217. In Russian. 
Calculation of second-order invariants of 
the quaternary differential quadratic 
form. 

Metod Ortogonal’nykh Proektsii dlia 
Konechnoraznostnogo Analoga Odnoi Sis- 
temy Uravnenii. \V. I. Lebedev. AN 
SSSR Dokl., Apr. 21, 1957, pp. 1,206— 
1,209. In Russian. Derivation of a method 
of orthogonal projection for a finite dif- 
ference analogue of a system of equations. 

Teorema Poliia dlia Tselykh Funktsii 
Dvukh Kompleksnykh Peremennykh. A. 
A. Kozmanova. AN SSSR Dokl., Apr. 
21, 1957, pp. 1,203-1,205. In Russian. 
Discussion of the Polya theorem for inte- 
gral functions of two complex variables. 

Rol’ Zakona Sokrashcheniia pri Zadanii 
Polugrupp s Sokrashcheniem Posredstvom 
Opredeliaiushchikh Sootnoshenii. 5S. I. 
Adian. AN SSSR Dokl., Apr. 21, 1957, 
pp. 1,191-1,194. In Russian. Analysis of 
the role of the cancellation law in construct- 
ing semigroups with cancellation by means 
of determining relations. 

A Simplified Method for Integrating 
Over Feynman Histories. S. G. Brush. 
Cambridge Philos. Soc. Proc., July, 1957, 
pp. 651-658. Method for obtaining the 
Green's function for the Schrédinger 
equation by integrating over one-parame- 
ter sets of functions. This technique may 
be useful for estimating the result in cases 
in which the integration over all histories 
cannot be performed exactly. 

Primenenie Obshchei Teorii Pribli- 
zhennykh Metodov k Issledovaniiu Za- 
dachiob Opredelenii Sobstvennykh Chisel i 
Sobstvennykh Vektorov. E. A. Troitskaia 


AN SSSR Dokl., Apr. 11, 1957, pp. 998- 
1,001. In Russian. Application of the 
general theory of approximation methods 
to the investigation of the problem of de- 
termining characteristic numbers and 
characteristic vectors. 

The Descriptive Continuum; A ‘‘Gen- 
eralized’’ Theory of Indexing. Frederick 
Jonker. Documentation Inc. Paper (AF- 
OSR TN 57-287)[AD 132358], June, 1957, 
28 pp. 

The Hilbert Function of Two Ideals, 
P. B. Bhattacharya. Cambridge Philos. 
Soc. Proc., July, 1957, pp. 568-575. 

A Convergent Asymptotic Representa- 
tion for Integrals. Joel Franklin and 


Bernard Friedman. Cambridge Philos. 
Soc. Proc., July, 1957, pp. 612-619. OSR- 


supported research. 

An Extension of the Method of Steepest 
Descents. C. Chester, B. Friedman, and 
F. Ursell. Cambridge Philos. Soc. Proc., 
July, 1957, pp. 599-611. 

Discussion of a Wiener-Hopf Type Inte- 
gro-Differential Equation. J. A. Sparen- 
berg, T. C. Braakman, and C. W. Ben- 
them. Appl. Sct. Res., Sect. B, No. 5, 
1957, pp. 312-322. 

Asimptoticheskoe Reshenie Odnogo Ne- 
lineinogo Differentsial’nogo Uravneniia 
Vtorogo Poriadka. G. E. Kuzmak. 
Prikl. Mat. 1 Mekh., Mar.-Apr., 1957, pp. 
262-271. In Russian. Derivatien of an 
asymptotic solution of a second-order non- 
linear differential equation. 

On the Graphs and Asymptotic Forms 
of Finite Boolean Relation Matrices and 
Stochastic Matrices. David Rosenblatt. 
Nav. Res. Logistics Quart., June, 1957, pp. 
151-167. 22 refs. Presentation of a 
graph-theoretic characterization of the 
asymptotic forms of powers for two classes 
of matrices. 

Some Applications of Mellin Transforms 
to the Theory of Bivariate Statistical Dis- 
tributions. Charles Fox. Cambridge 
Philos. Soc. Proc., July, 1957, pp. 620- 
628. Description of a method for finding 
the frequency functions of bivariate ran- 
dom variables which are the products or 
ratio of other bivariate random variables. 
Includes illustrative examples. 


Mechanics 


Mechanics of High Speed Projectile 
Perforation. Melvin Zaid and Burton 
Paul. (Bulova Res. & Devel. Labs., Inc., 
Prog. Reps. 1-8.) J. Franklin Inst., 
Aug., 1957, pp. 117-126. Army-sup- 
ported analysis of the problem of perfora- 
tion of thin plates by high-speed projec- 
tiles, considered from a momentum view- 
point. 

Ob Integriruemosti Uravenenii Dvi- 
zheniia Tverdogo Tela Okolo Zakreplennoi 
Tochki pod Deistviem Tsentral’nogo N’iu- 
tonovskogo Polia Sil. V. V. Beletskii. 
AN SSSR _ Dokl., Mar., 11, 1957, pp. 
287-290. In Russian. Analysis of the 
integrability of equations of motion of a 
solid around a fixed point under the action 
of a central Newtonian field of force. 


Meteorology 


The Surface Chart as a Synoptic Aid to 
Tornado Forecasting. R. M. Whiting. 
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AMS Bul., June, 1957, pp. 353-356. 
‘GRD-sponsored research. 

Narastanie Dliny Bol’shikh Vetrovykh 
Voln i Roli Vnutrennego Turbulentnogo 
Treniia. V. V. Shuleikin. AN SSSR 
Dokl., Mar. 21, 1957, pp. 560-563. In 
Russian. Study of the growth of high 
wind waves and the role of turbulent in- 
ternal friction. 

Radar e Fenomeni Meteorologici (In 
Particolare Turbolenza e Grandine). G. 
Cena. Riv. Meteorologia Aero., July-Sept., 
1957, pp. 10-14. In Italian. Discussion 
of the use of radar in tracking turbulence 
areas, with emphasis on the identification 
on the screen of echoes produced by hail. 

Hazards of the Mountain Wave. J. 
Kuettner and C. F. Jenkins. Air Line 
Pilot, Aug., 1957, pp. 4-9. Survey of data 
from atmospheric research, to provide 
pilots with a more complete picture of the 
wave phenomenon than was previously 
available, and with a detailed description 
of its structure. 


Military Aviation & Armament 


Bombing System Keyed to New Indi- 
cator. Philip J. Klass. Av. Week, July 
22, 1957, pp. 62-69. Details on the 
Navy's new AJB-3 low-altitude bombing 
system (LABS) for both loft (toss) and 
over-the-shoulder bombing. 

Engineering Progress in Air Force 
Rocketry. Frederick I. Ordway, III, and 
Ronald C. Wakeford. Missiles & Rockets, 
July, 1957, pp. 83-87. 

Progress in Army Missile Research 
and Development. August Schomburg. 
Missiles & Rockets, July, 1957, pp. 91-94. 

Special Issue: A History of the United 
States Air Force —1907--57. Air Force, 
Aug., 1957. 282 pp. 


Missiles 


‘‘Veronique,’’ La Fusée Expérimentale 
Francaise. J. Pergent. Air Revue, June, 
1957, pp. 368, 365. In French. Design 
and description of the French experi- 
mental rocket “Veronique.” 

Initial Missile Data via Drag Cable. 
Dieter K. Huzel. JSA J., Aug., 1957, pp. 
338, 339. Discussion of the advantages of 
using the drag-cable method to analyze 
engine data through the critical initial 
period. 

Steuerschema und Steuerorgane der 
A-4-Rakete (V2). Dietrich E. Kolle. 
Raketentech. & Raumfahrtforsch., July, 
1957, pp. 50-52. In German.  Descrip- 
tion of control systems of the A-4-Rocket 
(V2). 

Guided Missile Kinematics. Homer 
E. Newell, Jr. U.S., NRL Rep. 2538, 
[AD 106136], May 22, 1945. 128 pp. 
Kinematic study of various trajectories for 
guided missiles. Specific consideration is 
given to pursuit, line of sight, constant 
bearing, and partial navigation courses. 

Boeing Bomarc IM-99, ein ferngelenkter 
Langstrecken-Interceptor. Flugwelt, 
Aug., 1957, p. 591. In German. Presen- 
tation of data on the Boeing Bomare IM- 
99, the guided long-range interceptor. 

Survey of Literature on Chemical Track- 
ing Aids. Ernst Grundemeier. USAF 
HADC TR 57-7 [AD 135001], Aug., 


1957. 121 pp. 361 refs. Summary of 
reports published up to 1953 on chemical 
smokes most applicable for use as chemical 
tracking aids. 

First Annual Guided Missile Encylope- 
dia—1957. Missiles & Rockets, July, 
1957, pp. 123-163. Presentation of a 
round-up of United States Army, Navy, 
and Air Force missiles 

Inertial Guidance. Walter Wrigley, 
Roger B. Woodbury, and John Hovorka. 
(IAS 25th Annual Meeting, New York, 
Jan 28-31, 1957, Preprint 698; Fairchild 
Fund Paper FF-16.) Aero. Eng. Rev., 
Oct., 1957, pp. 59-62. Abridged. 

ICBM: Giant Step Into Space. Simon 
Ramo. Astronautics, Aug., 1957, pp. 34- 
41, 83, 84-89. Discussion of the ICBM 
in terms of management and organization, 
as well as scientific and engineering con- 
cepts. Past developments are reviewed 
and future developments are assayed. 

Design Problems of Large Rockets. 
K. J. Bossart. The Engr., July 19, 1957, 
pp. 90, 91. Discussion of the relative 
merits of large and small rockets in terms 
of design complexity. 

Re-Entry and Recovery. W. F. Hilton. 
The Engr., July 26, 1957, pp. 120, 121. 
Discussion of a proposed method of shed- 
ding surplus energy without sustaining 
intolerable accelerations or heat fluxes. 

Criteria for the Generalized Dynamic 
Stability of a Rolling Symmetric Missile. 
Charles H. Murphy, Jr. J. Aero. Sci. 
Oct., 1957, pp. 773, 774. Summary of 
results of linear theory and generalization 
of these results by introducing an upper 
bound for damping. 


Navigation 


Aeroflight or Geoflight. John C. 
Bellamy. Cook Tech. Rev., July, 1957. 
13 pp. Advocation of ‘aerodesy’’—the 
branch of science dealing with the deter- 
mination of distances and directions along 
the aeroflight road —as a desirable means 
for resolving flight times, headings, and 
other pertinent air traffic control problems. 

Geodesy Comes of Age with Vanguard. 
John A. O'Keefe. Astronautics, Aug., 
1957, pp. 70-73, 92. Discussion of the 
possible solution of geodetic problems 
from data obtained from satellites. 

Radio Mailles; A French Navigation 
and Traffic Control System. Flight, July 
19, 1957, p. 87. Description of the sys- 
tem which is designed not only to give a 
position indication in the aircraft, but also 
to repeat this indication in a traffic-control 
center. 

Computer Systems for ATC. Dan C. 
Ross. Air Line Pilot, July, 1957, pp. 9, 
10,22. Discussion covering the growth of 
the computer, real-time control systems, 
performance details, requirements for 
ATC function, quality of input, and es- 
sential elements. The need for a satis- 
factory compromise among the several 
airspace users on a set of consistent system 
requirements is advocated. 

Air Traffic Control; A Pilot’s Point of 
View. H. C. Bailey. Shell Av. 
June, 1957, pp. 7-9. 

Es Posible Evitar la Colisién con un 
Simple Radiofaro? Richard Y. Miner. 
Ing. Aero., May-June, 1957, pp. 59-61. 


News, 


1957 


In Spanish. Discussion of the possibility 
of avoiding mid-air collisions. 

Requirements for a New Universal Air 
Traffic Control Simulator. S. M. Berko- 
witz and R. S. Grubmeyer. (JRE East 
Coast Conf. on Aero. & Navigational Elec- 
tronics, Baltimore, Oct. 30, 1956.) IRE 
Trans., ANE Ser., June, 1957, pp. 59-64, 
Discussion of the role of dynamic simula- 
tion in helping to solve current and future 
air-traffic-control and navigation problems 
and in evaluating proposed system con- 
cepts, control philosophies, procedures, 
and equipments. A brief description is 
given of the CAA’s electromechanical- 
optical simulator, and some of its present 
limitations are outlined. 


Electronic Aids 


Die Entwicklung visueller Landehilfen 
fiir Hochleistungsflugzeuge. Siegfried J. 
Gerathewohl. ZFW, July, 1957, pp. 189- 
198. 29 refs. In German. Discussion 
of the basic principles of an integrated 
electronic and visual landing system. 
Suggestions are made for the construction 
of some new types of landing aids, for the 
standardization of such a system, and for 
the combined system for straight-in ap- 
proaches under nonemergency, emergency, 
and bad visibility conditions. 

Is an Airborne System for Collision 
Avoidance Operationally and Technically 
Feasible. Frank C. White. (IRE-RTCA 
Spring Meeting, Los Angeles, June 9, 
1957.) IRE Trans., ANE Ser., June, 
1957, pp. 72-74. Review of current prog- 
ress in warning systems. 

Common System Standards. Howard 
K. Morgan. (JAS 25th Annual Meeting, 
New York, Jan. 28-31, 1957, Preprint 
668.) IRE Trans., ANE Ser., June, 1957, 
pp. 57-59. 

Self-Contained Navigation Aids and the 
Common System of Air Traffic Control. 
Nathaniel Braverman. Trans., 
ANE Ser., June, 1957, pp. 52-56. 27 
refs. Discussion of the relationship be- 
tween self-contained aids and other navi- 
gation aids, communications, and other 
elements of the common. air-traffic-con 
trol system. 

Marconi Doppler Navigators. Flight, 
July 12, 1957, pp. 41, 42. Details of 
three military Doppler navigators. 

For Civil Navigational Requirements. 
The Aeroplane, July 19, 1957, pp. 88, 89. 
Description of a Marconi Doppler Navi- 
gation system as adapted for civilian use. 

Doppler Navaid for Civil Aircraft. 
Wireless World, Aug., 1957, p. 396. De- 
scription of a system that is independent of 
ground cooperation and provides an ac- 
curate indication of ground speed, drift 
angle, and distance flown. In conjunc- 
tion with a computer it gives instanta- 
neous and continuous information on the 
aircraft's latitude and longitude, wind di- 
rection, and wind speed. 


Nuclear Energy 


Theoretical Analysis of the Response of 
a Proton Recoil Type Neutron Detector. 
Sven R. Hartmann. USAF WADC TR 
56-657 [AD 118272], May, 1957. 48 pp. 
Calculation of the number of recoil pro- 
tons produced per unit area, by a neutron 
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MARS outstanding design SERIES 


Saucer secret? 


Whose incredible design is the flving saucer? 

These flving objects (unidentified, of course) 
maneuver at high speed, with human-crushing sud- 
denness. Their unearthly behavior poses a perplexing 
problem to imaginative designers: how might man 
survive in them? 

John C. Vischer, Jr. approached the problem with 
this circular aircraft and its unique control system, 
U. S. Pat. #2,772,057. 

This “‘saucer’s secret’’ is a rotatably adjustable 
shell (upper) and a pilot’s compartment which pre- 
rotates toward the direction to be flown. The func- 
tional design “humanizes”’ saucers because the rotating 
provisions distribute g-forces laterally on the pilot, 
minimizing blackouts. 

No one can be sure which of today’s new ideas 
will become reality tomorrow. But it will be important 
then, as it is now, to use the best of tools when pencil 
and paper translate an idea into a project. And then, 
as now, there will be no finer tool than Mars — from 
sketch to working drawing. 

Mars has long been the standard of professionals. 
To the famous line of Mars-Technico push-button 
holders and leads, Mars-Lumograph pencils, and 
‘Tradition-Aquarell painting pencils, have recently 
been added these new products: the Mars Pocket- 
Technico for field use; the efficient Mars lead sharp- 
ener and “Draftsman’s’” Pencil Sharpener with the 
adjustable point-length feature; and — last but not 
least—the Mars-Lumochrom, the new colored drafting 
pencil which offers revolutionary drafting advantages. 
The fact that it blueprints perfectly is just one of its 
many important features. 


The 2886 Mars-Lumograph drawing pencil, 19 
degrees, EXEXB to 9H The 1001 Mars-Technico 
push-button lead holder. 1904 Mars-Lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
Lumochrom colored drafting pencil, 24 colors. 


INC. 


HACKENSACK, NEW JERSEY 


at all good engineering and drawing material suppliers 


1001 €©JSSTAEDTLER MARS-L 


OM 


CHR 


MARS 


J.S.STAEDTLER 


2618 


John C. Fischer, Jr., 
San Diego profession- 
al engineer, one of the 
winners in the 1957 
MARS Contest. Mr. 
Fischer’s project, “Sau- 
cer Secret?,” is fea- 
tured in the MARS pre- 
sentation on this page. 


Announces 
new design contest 


The MARS Outstanding Design Con- 
test of 1957 created such wide interest that 
MARS Pencils is sponsoring another con- 
test for 1958. 

If you are an engineer, architect or 
student, the MARS contest offers you a 
“showcase.” It provides you with a valuable 
opportunity to have projects you designed 
shown in leading magazines where they will 
be seen by the men in your profession. 

You are invited to send in your proj- 
ects. For every submission that is accepted 


MARS pencils 
will you *100 
This $100 is paid you simply for the 
right to reproduce your project in the 
MARS Outstanding Design Series. There 
are no strings attached. You will be given 
full credit. All future rights to the design 
remain with you. You can reproduce it later 
wherever you like and sell or dispose of it 
as you wish. 
The subject can be almost anything — 
aviation, space travel, autos, trains, build- 
ings, engineering structures, household 
items, tools, machines, business equipment, 
etc. Projects will be selected on the basis of 
appeal to design-minded readers, broad in- 
terest, attractive presentation. Do not sub- 
mit a design that is in production. In fact, 
the project does not need to have been 
planned for actual execution. It should, how- 
ever, be either feasible at present or a logical 
extension of current trends. It cannot be 
unrealistic or involve purely hypothetical 
alterations of natural laws. 
There is no deadline for entries but 

the sooner you send yours in, the greater the 
probability of its selection for the 1958 
MARS Outstanding Design Series. 


It is Simple To Submit a Design 
For Mars Outstanding Design Series 


Just mail in an inexpensive photostat or 
photocopy of the subject—one you can spare, 


since it cannot be returned — and a brief 
description. 

If your entry is accepted, we will ask you 
to send in a clear photograph or rendering 
of the design (so that we can make a sharp 
photograph) suitable for reproduction—after 
which your material will be returned to you. 


Send your_entry to: 


JS. STAEDTLER, INC. 


Hackensack, New Jersey 
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flux of arbitrary energy, in an infinite 
hydrogenous slab which reaches but does 
not pass through an infinite detector slab 
located immediately behind a hydrogen- 
ous slab. 

Analysis of Nuclear Radiation Effects on 
Transistors. D. B. Kret. Electronic 
Des., July 15, 1957, pp. 28-30. Discus- 
sion which indicates that there are two 
principle types of damage: surface effects 
induced by gamma rays and damage to 
the crystal lattice primarily due to fast 
neutrons. Typical curves are presented 
for diode characteristics and collector 
characteristics after being subjected to 
radiation. 

Sul Progetto Neutronico dei Reattori 
Nucleari. Carlo Arneodo. (La Termo- 
tec., Apr., 1957.) Torino Polytech. Inst., 
Aero. Lab., Monographs 409, 1957, pp. 
184-194. In Italian. Discussion of the 
design and operation of nuclear reactors. 


Parachutes 


An Evaluation of Fungicidal Treatments 
in Cotton Cargo Parachute Webbings 
Stored at Wright Air Development Center. 
Appendix I—Fungicidal Formulations and 
Applications. Appendix II—Methods of 
Chemical Analysis. Emma F. Little. 
USAF WADC TR 56-384, Pt. 1 [AD 


118322], May, 1957. 88 pp. 
Photography 


Video Scanner Matches Photo Patterns. 
E. J. Oelbermann. Electronics, Aug. 1, 
1957, pp. 154, 155. Description of a 
system, under development, for deter- 
mining differences between two photo- 
graphs taken from the same point in space 
at different times. Applicable for aerial 
surveys. 

Reducing Trajectory Data with Oriented 
Cameras. Rodney P. Larsen. Ind. Labs., 
Aug., 1957, pp. 84-89. Method involv- 
ing the use of graphical information from a 
predicted trajectory plot to solve for the 
intersection of the fiducial plane and 
the vertical track centerline plane. This 
procedure enables azimuth, elevation, and 
tilt settings for the semiprecision camera 
mount to be computed for the data-taking 
position. 


Physics 


Phenomenological Linear Theory of 
Gravitation. III—TInteraction with the 
Spinning Electron. F. J. Belinfante and 
J. C. Swihart. Ann. Phys., July, 1957, 
pp. 81-99. 10 refs. Analysis of the 
simultaneous interaction of the gravita- 
tional field with the electromagnetic field 
and with spinning electrons. 

O Sviazi Koeffitsienta Viazkosti so 
Strukturoi Veschestva v Zhidkom Sosto- 
ianii. A. Z. Golik and D. N. Karlikov. 
AN SSSR Dokl., May 11, 1957, pp. 361- 
364. In Russian. Study of the relation 
between the viscosity and molecular struc- 
ture of liquids. 

A New Technique for the Study of 
Scatter Propagation in the Troposphere. 
J. H. Chapman, W. J. Heikkila, and J. E. 
Hogarth. Can. J. Phys., Aug., 1957, pp. 

23-830. 16 refs. 


Measurement of Radon Gas in Cylindri- 
cal Ionization Chambers. Edward A. 
Burke. USAF WADC TR 56-548 [AD 
118052], May, 1957. 6 pp. Discussion 
of three fundamental problems on the 
measurement of radon gas: variation of 
ionization current with short half-life 
radon daughters, effect of dielectric ab- 
sorption, and calibration of each ioniza- 
tion chamber. 

Radiation from Hot Air. 
Nitric Oxide Absorption. 
Mayer, and H. Bethe. Ann. Phys., July, 
1957, pp. 57-80. 18 refs. ARDC-sup- 
ported method for estimating the contri- 
bution of NO 6 and a bands to the emis- 
sivity of high-temperature air. 

The Dispersion Equation for Normal 
Waves in Laminar Media. L. M. Brek- 
hovskikh. Sov. Phys. — Acous., No. 4, 
1957, pp. 362-374. Translation. Pres- 
entation of a simple method for obtaining 
the equation, and examination of several 
particular cases. 

Principal Directions of Current Re- 
search Activity in the Theory of Gravita- 
tion. Bryce S. DeWitt. (AAS 3rd An- 
nual Meeting, New York, Dec. 7, 1956.) 
J. Astronautics, Summer, 1957, pp. 23-28. 
Discussion of two vroblems in gravitation: 
the relationship of gravitation to all other 
phenomena of nature, such as electro- 
magnetism, quauta, etc., and the underly- 
ing physical concepts. 

Percolation Processes. I-—Crystals and 
Mazes. II--The Connective Constant. 
S. R. Broadbent and J. M. Hammersley. 
Cambridge Philos. Soc. Proc., July, 1957, 
pp. 629-645. Investigation to determine 
how the random properties of a ‘‘medium” 
influence the percolation of a ‘‘fluid”’ 
through it. Treatment differs from con- 
ventional diffusion theory in which it is 
the random properties of the fluid that are 
considered. Includes proof of a theorem 
on the connective constant of a crystal. 

O Reshenii Uravneniia Perenosa pri 


I—Theory of 
B. Kivel, H. 


Sil’no Neizotropnom Rasseianii. T. A. 
Germogenova. AN SSSR _ Dokl., Mar. 
11, 1957, pp. 297-800. In Russian. 


Solution of the translation equation in the 
case of strongly anisotropic scattering. 

O Nakhozhdenii Vremennykh Korrelia- 
tsionnykh Funktsii dlia Statisticheskikh 
Sistem s Dal’nodeistviem na Vremenakh 
do Vremeni Svobodnogo Probega. V. V. 
Volmachev. AN SSSR Dokl., Mar. 11, 
1957, pp. 301-304. In Russian. Calcula- 
tion of time-correlation functions for 
statistical systems consisting of long-range 
interacting particles for any time up to the 
free-path time. 

Some Experiments on the Surface Field 
Effects in Germanium Single Crystals. 
Makoto Kikuchi. Phys. Soc. Japan J., 
July, 1957, pp. 756-762. 24 refs 

New Frontiers in Solid-State Physics. 
Malcolm H. Hebb. Electronic Des., July 
15, 1957, pp. 25-27. Review of solid 
state devices and some of their applica- 
tions. 

Tertiary Interferometric Wavelength 
Standards from Measurements on Lines 
of the 2-0 Band of Carbon Monoxide and 
Derived Wavelength Standards for Some 
Lines of the 1-0 Band of Carbon Monoxide. 
The Velocity of Light Derived from a Band 
Spectrum Method. IV. D. H. Rank, A. 
H. Guenther, G. D. Saksena, J. N. 


Shearer, and T. A. Wiggins. 
Aug., 1957, pp. 686-688. 


OSA J. 
10 refs. 


Power Plants 


Special Issue: Aero Engines 1957, 
Flight, July 26, 1957, pp. 111-143. Sur- 
vey of world’s engines giving a brief de- 
velopmental history and specifications of 
each. 

Aero Engines 1967. Flight, July 26, 
1957, pp. 107-110. Discussion of future 
applications of exotic fuels, the intake- 
compression problems, possibilities of 
small engines with high thrust/weight 
ratios, and applications of the jet-flap 
system. 

La Sovralimentazione dei Motori a 
Combustione Interna. Antonio Capetti 
Torino Polytech. Inst., Aero. Lab., Mono- 
graph 403, pp. 86-93. In Italian. Study 
of the supercharging of internal-combus- 
tion engines. 


Jet & Turbine 


Gyron—de Havilland’s Supersonic Tur- 
bojet, with 25,000 lb. Reheat Rating. 
Flight, Aug. 2, 1957, pp. 163-168, cutaway 
drawing. Description of the new power 
plant in terms of its mechanical design, 
main engine components, and air, fuel, 
lubrication, and starting systems. 

The Measurement of High Frequency 
Alternating Pressures in Gas Turbines. 
J. R. Forshaw and H. Taylor. Gt. Brit. 
ARC R&M 2990 (June, 1954), 1957. 14 
pp. BIS, New York, $0.81. Experi- 
mental investigation using a_ specially 
developed capacity-pressure element to 
record the alternating pressures at a point 
in a casing. 

The Component Pressure Losses in 
Combustion Chambers. Appendix I, II — 
Airflow Distribution and Overall Loss 
Factor for a Conventional Chamber (Rolls 
Royce R.M.60 Model). Appendix III— 
Derivation of Theoretical Whirl and Axial 
Velocity Distributions. H. A. Knight and 
R. B. Walker. Gt. Brit., ARC R&M 2987 
(Nov. 1953), 1957. 34 pp. 23. refs. 
BIS, New York, $1.80. Summary of 
available knowledge to provide data for 
use in calculating pressure drops through 
swirlers, primary baffles, cooling systems, 
etc. 

Speed Control of Centrifugal and Re- 
ciprocating Compressors. C. G. Laspe. 
Instruments & Automation, July, 1957, pp., 
1,324-1,328. Review of compressor char- 
acteristics indicating the need for variable- 
speed control and the advantages of speed 
control with fast-acting speed controllers. 
Responses of typical systems are given in 
terms of time constants. 

The 20,000-lb. s.t. de Havilland Gyron 
D.Gy.2. The Aeroplane, Aug. 2, 1957, pp. 
154-158, cutaway drawing. 

General Electric T 58 und T 64, zwei 
neue amerikanische Leichtbau-Gastur- 
binen. Flugwelt, Aug., 1957, pp. 4581, 
582. In German. Description of the 
G-E T 58 and T 64, the two new light- 
weight gas turbines. 

Quiet, Please. George E. Haddaway. 
Flight Mag., Aug., 1957, pp. 34, 35. De- 
scription of the Zephyr TJ388 turbojet, a 
commercial air line engine that is quieter 
than current transport power plants and 
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How to USE wire 


Today many companies are able to make wire cloth 
components, like these shown here, at lower cost than 
ever. The answer lies in new services, new developments 
worked out by the Reynolds Wire Division of National- 
Standard . . . ideas aimed at the more effective, less 
wasteful use of industrial wire cloth. For example... 


5 SUGGESTIONS: 


1. Check on wire cloth rolls 2 to 8 times normal length 
... for 2 to 8 times as much production in a single run. 
Fewer shutdowns. Less handling. 


2. Consider pre-slit widths, plain or with woven-in rein- 


NAT! ONAL 


DIVISIONS: NATIONAL - STANDARD, Niles, Mich.; tire wire. stainiess. music spring and plated wires > WORCESTER WIRE WORKS, Worcester, Mass.; music spring. stainless and plated wires, high and low carbon specialties 


LITHO v. 


cloth at lower cost 


forcement, as narrow as 1 inch or less, to meet your 
requirements exactly with minimum handling and waste. 


3. Evaluate Reynolds’ new palletized packaging. Less 
chance of damage. Faster, easier handling on arrival, in 
and out of storage and right to production operations. 


4. Look into the many different weaves, meshes, metals, 
finishes and coatings . . . some unique with Reynolds... 
to make sure of the optimum specification for your 
requirement. 


5. By all means take advantage of Reynolds’ engineer- 
ing and analytical service . . . nation-wide and 
unmatched in the industry. Time and time again it 
contributes to a better finished product at lower cost. 


NN. J.; meta/ decorating equipment + ATHENIA STEEL, Clifton, N. J.; fat. high carbon spring stee/s +» REYNOLOS WIRE, Dixon, lil.; industrial wire cloth 
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CONSULT YOUR 
AERONAUTICAL ENGINEERING CATALOG 


For Names—Current Addresses—General Description of Products of all principal manufacturers of 
aircraft and guided missile components 


Specific product data of these leading companies 
is filed in the current 1957 edition. 


Ace Electronics Associates 

Acme Precision Products, Inc. 
Adel Div., General Metals Corp. 
Aerojet-General Corp. 
Aeroquip Corp. 

Aircraft Radio Corp. 

R. C. Allen Business Machines, Inc. 
The American Brass Co. 

American Metal Hose Div. 
American Felt Co. 
American Screw Co. 
American Seating Co. 
American Steel & Wire Div. 
U.S. Steel Corp. 

Amphenol Electronics Corp. 

Albert & J. M. Anderson Mfg. Co. 

Avco Defense and Industrial Products 

B & H Instrument Co., Inc. 

Bendix Products Div., Bendix Aviation Corp. 
Caledonia Electronics & Transformer Corp. 
Cannon Electric Co. 

Century Controls Corp. 

Chain Belt Co. 

Chandler-Evans 

Cherry Rivet Div., Townsend Co. 
Cleveland Pneumatic Tool Co. 

Delavan Manufacturing Co. 

Douglas Aircraft Co., Inc. 

<astern Industries, Inc. 

Eclipse-Pioneer Div., Bendix Aviation Corp. 
Thomas A. Edison Inc. 

Elastic Stop Nut Corp. of America 
Electrical Engineering & Mfg. Corp. 
Fenwal, Inc. 

Flexonics Corp. 

Ford Instrument Co. 

General Electric Co., Silicone Products Dept. 
G. M. Giannini & Co., Inc. 

Graphite Metallizing Corp. 

Hartwell Aviation Supply Co. 

Hathaway Instrument Div., Hamilton Watch Co. 
The A. W. Haydon Co. 

Jack & Heintz, Inc. 

Johns-Manville 

Joy Manufacturing Co. 

Kawneer Co. 

Kearfott Co., Inc. 

Kelsey-Hayes Co. 


Kenyon Instrument Co., Inc. 

Lavelle Aircraft Corp. 

Lear, Inc. 

Lewis Engineering Co. 

Link-Belt Co. 

The Liquidometer Corp. 

Lisle Corp. 

Lundy Manufacturing Corp. 

Magnetic Amplifiers, Inc. 

Manning, Maxwell & Moore, Inc. 

Marman Div., Aeroquip Corp. 

Marquardt Aircraft Co. 

Meletron Corp. 

Micro Switch Div., Minneapolis-Honeywell 
Regulator Co. 

Mine Safety Appliances Co. 

The New York Air Brake Co. 

Pioneer Parachute Co., Inc. 

Revere Corp. of America 

M. H. Rhodes, Inc. 

Rohr Aircraft Corp. 

Rosan Inc. 

Arthur C. Ruge Associates, Inc. 

Ryan Aeronautical Co. 

Safe-Flight Instrument Corp. 

Scott Aviation Corp. 

Sierra Engineering Co. 

Sikorsky Aircraft Div., United Aircraft Corp. 

Simmonds Aerocessories, Inc. 

A. O. Smith Corp. 

Solar Aircraft Co. 

Southwest Products Co. 

Sperry Gyroscope Co. 

Standard Pressed Steel Co. 

Stanley Aviation Corp. 

Sterer Engineering & Mfg. Co. 

F. W. Stewart Corp. 

Stratoflex, Inc. 

Stratos Div., Fairchild Engine & Airplane Corp. 

Swedlow Plastics Co. 

Technical Appliance Corp. 

Vickers, Inc. 

The Weatherhead Co. 

Western Gear Corp. 

Weston Electrical Instrument Corp. 

S.S. White Dental Mfg. Co. 

Wittek Manufacturing Co. 

Zenith Plastics Co. 


AERONAUTICAL ENGINEERING CATALOG 


An Official Publication 
INSTITUTE OF THE AERONAUTICAL SCIENCES 


2 East 64th Street 


New York 21, N.Y. 
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far below the noise levels of the current 
military-type engines. 

Structural Design Problems in Gas Tur- 
bine Engines. P. N. Bright. GWM AI- 
lison Div. Paper, Mar., 1954. 49 pp. 
Analysis of disc wheel, blade, and external 
casing stresses. Also discussed are gyro- 
scopic loads, bearing strut support loads, 
split-line flange stresses, and the inter- 
connecting structure between propeller 
gear-box and power sections. 

Foreign-Object Retention and Flow 
Characteristics of Retractable Engine- 
Inlet Screens. Fred W. Steffen and | 
Lewis A. Rodert. U.S., NACA RM 
E57A15, July 26, 1957. 30 pp. Inves- 
tigation to (1) determine the failure of 
processes associated with the failure of re- 
tractable screens to retain objects, (2) 
determine the factors that cause pressure 
loss through the screen, and (3) demon- | 
strate and suggest methods of improving | 
the retention and pressure-loss character- | 
istics of retractable screens. | 

Fuel Systems by Dowty. The Aero- 
plane, Aug. 9, 1957, pp. 193-196. De- | 
scription of development facilities and his- 
torical review of Dowty development in 
fuel systems. 

Heat Transfer to Turbine Blades. S. J 
Andrews and P. C. Bradley. Gt. Brit., 
ARC CP 294 (Oct., 1948), 1957. 23 pp. | 
BIS, New York, $0.68. Experimental 
investigation of two cascades—the nozzle 
and the impulse type, respectively—at a 
single incidence. 


Ram-Jet & Pulse-Jet 


Talos and Ramjet Engine; Design | 
Outline of the Bendix Missile’s Engine | 
and Fuel System. William E. Worley. | 
Missile Des. & Devel., Aug., 1957, pp. 16, 
17. Description of the Talos missile, a 
ship-to-air supersonic defense missile de- 
veloped by the Navy, in terms of its ram- 
jet engine and flight operation. 


Rockets 


Die Raketentriebwerke der Société | 
d’Etude de la Propulsion par Réaction 
(SEPR). Hans Schneider. Flugwelt, 
July, 1957, pp. 522-524. In German. 
Outline of the activities of the Société | 
d'Etude de la Propulsion par Réaction 
(SEPR) and presentation of tabulated | 
power-plant data. | 


Motores Cohete. Placido Miguel Viar- 
nes. Asoc. Argent. Interplan. Rev., Jan.- | 
Mar., 1957, pp. 10-21. In Spanish. Dis- | 
cussion of the fundamental principles of | 
operation of rocket engines and of their | 
application. | 

Effect of Dynamic Characteristics of | 
Rocket Components on Rocket Control. 
John C. Sanders, David Novik, and Clint 
E. Hart. (JAS 25th Annual Meeting, | 
New York, Jan. 28-31, 1957, Preprint | 
710.) Aero. Eng. Rev., Oct., 1957, pp. | 
73-77. 

Symbole und Definitionen fiir die Be- | 
rechnung von Stufenraketen. H. H. 
Koelle. Raketentech. & Raumfahrtforsch., 
July, 1957, pp. 35-89, 47. In German. 
Presentation of symbols and definitions 
for the calculation of stepped rockets. 

Reaction of Fluorine with Carbon as a 
Means of Fluorine Disposal. Harold W. 
Schmidt. U.S., NACA RM _ E57E0?2, 


AERONAUTICAL REVIEWS 


An Invitation To Join 
ORO...Pioneer In 
Operations Research 


Operations Research is a young science, earning recog- 
nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
economists, engineers, political scientists, psycholo- 
gists, and others working on teams to synthesize all 
phases of a problem. 


At ORO, a civilian and non-governmental organiza- 
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 
logistics, weapons systems analysis and communications. 


No other Operations Research organization has the 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO’s 
research findings have influenced decision-making on 
the highest military levels. 


Our computer laboratory is equipped with the 1103-A 
Univac, the “Cadillac” of computers. Encompassing 
1200 sq. ft., it is leased at a cost of $40,000 per month. 
ORO’s professional atmosphere encourages those with 
initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 
“program” their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 


ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro- 
motions are based solely on merit. The “‘fringe”’ benefits 
offered are ahead of those given by many companies. 


The cultural and historical features which attract 
visitors to Washington, D. C. are but a short drive from 
the pleasant Chevy Chase suburb in which ORO is 
located. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 


For further information write: 
Professional Appointments 


OPERATIONS RESEARGH OFFICE 


[oORoO| The Johns Hopkins University 


7100 CONNECTICUT AVENUE 
CHEVY CHASE 15, MARYLAND 
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July 18, 1957. 17 pp. Experimental in- 
vestigation of the spontaneous reaction 
between carbon and gaseous fluorine C + 
Cr, C2 Fs, C3Fs, C;Fyo possible 
answer to the fluorine disposal problem. 

Solid Propellant Rocket Testing. H. 
E. Westgate. Missiles & Rockets, Aug., 
1957, pp. 87-90. Discussion of instru- 
mentation, temperature conditioning, in- 
stallation of engine in a firing bay, firing, 
and data reduction. 


Production 


The Influence of the Gas-Turbine 
Axial-Flow Aero-Engine on Blade Manu- 
facturing Methods. R.R. Whyte. IME 
Proc., No. 26, 1956, pp. 909-920; Discus- 
sion, pp. 920-926; Communications, pp. 
927-929; Author’s reply, pp. 929, 930. 
Review of developments in production 
methods for gas turbine blades. 

Canada’s Aircraft Industry. Zhe Aer- 
oplane, July 26, 1957, pp. 120-130. Partial 
Contents: The Industry’s Role, F. G. 
Swanborough. Canadian Missile De- 
velopment. A Helicopter for Canada. 
Canada’s Auxiliary Squadrons. 

Réalisation de deux Machines Auto- 
matiques, l’une pour le Tracé des Profils 
Aérodynamiques, l’autre pour |’Usinage 
des Aubes de Turbomachines. G. Fay- 
ard. La Recherche Aéronautique, May- 
June, 1957, pp. 55-58. In French. De- 
scription of two automatic machines for 
tracing aerodynamic profiles and fabricat- 
ing turbine blades, respectively. 

Vacuum Chucking Speeds Production. 
R. R. Parker, C. F. Wallace, and R. J. 
Wendell. Tool Engr., Aug., 1957, pp. 
98-100. Application of vacuum clamping 
to hold parts for skin or spar milling opera- 
tions. The vacuum chuck prevents vi- 
bration which would otherwise cause 
chatter marks and other irregularities. 

Press Bonding: Use of Steam-Heated 
and Hydraulically-Operated Equipment. 
H. Povey. Aircraft Prod., Aug., 1957, pp. 
327-336. Review of the experience and 
practice of the de Havilland Aircraft Co., 
Ltd., in using the press for metal bonding. 

The A3D Skywarrior on the Production 
Line. J. L. Anderson. Auto Ind., Aug. 
15, 1957, pp. 64-66. Discussion of pro- 
duction problems peculiar to the El Se- 
gundo plant and the size of the A3D, and 
description of the final assembly line. 

Vanguard Process; Assembly of the 
First Production Airframe at Weybridge. 
Aircraft Prod., Aug., 1957, pp. 296-299. 

Design and Production of the Crusader 


Fighter. Auto. Ind., July 1, 1957, pp. 
56-59. 
Metalworking 


Principles of Inorganic Polymerization. 
Anton B. Burg, Gottfried Brendel, Aim- 
ery P. Caron, Gordon L. Juvinall, Walter 
Mahler, Kurt Modritzer, and Peter J. 
Slota, Jr. USAF WADC TR 56-82, Pt. 
IT [AD 118301], May, 1957. 58 pp. 17 
refs. Discussion of progress toward more 
electronegative substituents on boron, and 
of some materials resulting from work on 
phosphinoaluminum compounds. 

Evaluation of Tests for Forgeability. 
Alan B. Draper. ASTM Bul., July, 1957, 
pp. 62-68. 35 refs. Discussion of meth- 
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ods to determine the forgeability of 
metals. A survey is made of previous 
tests for compression, tension, bend, twist, 
and impact. Three components of forge- 
ability are defined as the flow stress or 
internal friction, ductility, and the fric- 
tion coefficient. 

World’s Largest Producer of Aircraft 
Forgings. Metal Treatment, July, 1957, 
pp. 277, 278, 281. Description of the 
35,000- and 50,000-ton closed-die forging 
presses operated by Wyman-Gordon Co. 

How Rolled Magnesium Sheet and 
Plate is Produced. Mag. of Magnesium, 
Aug., 1957, pp. 10-15. 

Die Produces Internal Indentations in 
Walls of a Shell Component. W. M. 
Holliday. Steel Processing & Conversion, 
July, 1957, pp. 382-386, 405. Description 
of the design, construction, and operation 
features of an indenting die developed to 
produce four sunken indentations simul- 
taneously on the inside of a hollow tubular 
pressing. 

Rubber-Die Forming: Two-Stage 
Swedish Method for the Elimination of 
Hand Forming. Aircraft Prod., Aug., 
1957, pp. 311-313. 

How to Use Tape Controlled Machining. 
Murray Kanes and C. B. Sung. Tool 
Engr., Aug., 1957, pp. 88-90. Discus- 
sion of application and programing for 
tape control. 

Skin Milling; Development and Opera- 
tion of a Tracer-Controlled Beam-Type 
Milling-Machine for Sculpture-Profiling 
Large Planks. Aircraft Prod., Aug., 1957, 
pp. 301-310, cutaway drawing. Descrip- 
tion of the machine in terms of its general 
design, bed design, beam, template fix- 
tures, carriage, main cutterhead assembly, 
tracing-head layout, templates, and opera- 
tion. 

The Machinability Concept. K. G. 
Lewis. Metal Treatment, July, 1957, pp. 
263-271. 42 refs. Survey of better 
known methods for evaluating machin- 
ability. Tool force and power consump- 
tion considerations are examined in each 
case and the basis of each method is re- 
lated to the machining and material vari- 
ables. 


Chem-Mill Reduces Fabrication Prob- 
lems. L. G. Hall. (SAE Natl. Aero. 
Meeting, Apr., 2-5, 1957, Preprint 85.) 
SAE J., Aug., 1957, pp. 30,31. Abridged. 
Presentation of a number of Chem-Mill 
design applications showing advantages of 
the process other than weight saving. 

Floturn Shapes Metals Without Chips. 
C. L. Sporeck and W. H. Busch. SAE J., 
Aug., 1957, pp. 50, 51. Description of 
process which displaces material in a spiral 
direction parallel to the centerline. The 
desired contour is achieved by revolving 
the work and forming over a mandrel with 
a roller. 

Machining for Solid Propellant Rockets. 
Joachim H. Kauffmann. AJMissiles 
Rockets, Aug., 1957, pp. 105-111. Applica- 
tion of air-tracer lathes using ceramic tool 
bits for machining and hydrospinning. 

Autocycling Process for Surface Treat- 
ment of Aluminum. C.J. Riddle. Auto. 
Ind., Aug. 1, 1957, pp. 48, 49. Descrip- 
tion of a new approach to the surface 
treatment of aluminum aircraft compo- 
nents which is capable of processing several 


1957 


times the number of parts handled by other 
methods. 


Production Engineering 


Long-Range Planning and Operations 
Research. Earle Stewart. Oper. Res. 
Soc. Am., 5th Annual Meeting, Philadel- 
phia, May 9, 10, 1957, Paper. Discussion 
proposing correlation in econometrics, 
long-range planning, and operations re- 
search. 

Aspetti Economico-Finanziari Della Pro- 
duzione de Velivoli da Trasporto con Pro- 
pulsione a Getto. A. Vallisneri. L’ Aero- 
tecnica, Apr., 1957, pp. 90-95. Examina- 
tion of the economical and financial as- 
pects of the production of jet transport 
aircraft according to the different stages 
of their development—i.e., studies and 
research, designing testing, patrimonial 
investments, ete. 

Inspection by Penetrant and Magnetic 
Particle Methods. Douglas Serv., July- 
Aug., 1957, pp. 1-11. Discussion of 
fluorescent penetrants superpene- 
trants, and related inspection equipment, 


Tooling 


Tool Steels; Selection of Materials for 
Hot Work Applications. L. F. Spencer. 
Steel Processing & Conversion, Aug., 1957, 
pp. 447-455. 

Small-Tool Design: Production Appli- 
cations of Tungsten-Carbide for Machin- 
ing High-Strength Steels. F. Sheldon. 
Aircraft Prod., Aug., 1957, pp. 314-317. 
Discussion of the place of tungsten-car- 
bide and shear methods of partition as 
compared with negative-rake machining. 

Tool Steels. III. L. F. Spencer. : Steel 
Processing & Conversion, July, 1957, pp. 
372-379, 402, 403. Methods of selecting 
tool materials in terms of four different 
cold working operations. These opera- 
tions involve (1) shearing, (2) bending, (3) 
plastic flow under tensile loading, and (4) 
compressive action. 

Evolution of a Method. George Shaw. 
Missiles & Rockets, Aug., 1957, pp. 101- 
104. Description of production methods 
and machinery for shrinking or expanding 
rings for jet engines. 


Welding 


Flexible Plates for 8-ft Supersonic Tun- 
nel at the R.A.E., Bedford. T. Nellis and 
T. S. Burns. Brit. Welding J., Aug., 
1957, pp. 345-353. Discussion of the 
fabrication of three large flexible steel 
plates. Procedure for each welding opera- 
tion is given for controlling welding qual- 
ity, distortion, and shrinkage. 

Automatic Inert-Gas-Shielded Tung- 
sten-Arc Welding of Aluminum Alloys. 
H. D. Mann and R. E. Purkhiser. Weld- 
ing J., Aug., 1957, pp. 790-797. Applica- 
tion of a.c. to existing welding equipment. 


Propellers 


Effect of Blade Plan Form on Free- 
Space Oscillating Pressures Near Pro- 
pellers at Flight Mach Numbers to 0.72. 
Max C. Kurbjun. U.S., NACA TN 4068, 
Aug., 1957. 20 pp. Series of oscillating- 
pressure measurements to obtain data re- 
garding blade-form effects on the near- 
field noise of propellers. Flight Mach 
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Number, power, and engine speed are 
controlled in an attempt to duplicate the 
conditions of the flight investigation car- 
ried out by Vogeley and Kurbjun. 


Reference Works 


IRE Standards on Letter Symbols and 
Mathematical Signs, 1948 (Reprinted 
1957). IRE Proc., Aug., 1957, pp. 1,140- 
1,147. 

Who's Who in the IGY. Astronautics, 
Aug., 1957, pp. 60, 61. 


Refueling in Flight 


Airspeed-Altitude Compatibility Now 
Aerial Refueling Problem. Paul G. 
Schloemer. (SAE Natl. Aero. Meeting, 
New York, Apr. 2-5, 1957, Preprint 111.) 
SAE J., Aug., 1957, pp. 32, 38. Abridged. 


Rotating Wing Aircraft 


Why XV-1. F. L. Doblhoff. AHS 
Newsletter, July, 1957, pp. 1-10. Dis- 
cription of the McDonnel VTOL aircraft 
which uses the principle of the unloaded 
rotor, driven by pressure-jet units located 
in the blade tips. Discussion includes an 
explanation of the principles of the un- 
loaded rotor, and a detailed description of 
the XV-1 rotor system, the pressure jet 
system, and the arrangement of flight 
controls. 

New from Yeovil. The Aeroplane, July 
19, 1957, pp. 81-85. Description of the 
Westlands modification of the Sikorsky 
S-58, replacing the original Wright Cyclone 
with a Napier Gazelle free-turbine engine. 

H-13H Phase IV Performance Test. 
Appendix I, I1—General Aircraft Infor- 
mation. John N. Johnson and Robert G. 
Ferry. USAF FTC TR 57-12 [AD 
124104], July, 1957. 64 pp. 

Napier ‘‘Gazelle’’ Installation in the 
Westland ‘‘Wessex’’. Charles Williams. 
Am. Helicopter, June, 1957, pp. 10-13, 15. 
Description of the free-turbine engine, its 
installation in the Wessex (Sikorsky S-58), 
and the performance characteristics of the 
engine. 

The Skeeter Engine Transmission Type 
Test. T. D. Nisbet. Saro Prog., Spring, 
1957, pp. 4-9. Discussion of static and 
flight tests on the mechanical functioning 
of the complete transmission including the 
engine. 

Calculul Deflectiunii Vinei si al Vitezelor 
Induse pe Discul Rotorului de Elicopter. 
N. N. Patraulea. Stud. Cerc. Mec. Aplic., 
Jan.-Mar., 1957, pp. 13-22. In Ruma- 
nian. Calculation of induced velocities on 
the rotor disc of a helicopter, based on the 
theory of motion with a quasi-rectilinear 
wake applied to the helicopter rotor which 
is considered as a porous surface. 


Safety 


‘Dead Stick’? Landing Testing Tech- 
niques. Alen R. Holcombe. (NATO 
AGARD Wind-Tunnel & Model Testing 
Panel Meeting, Rome, Feb. 20-25, 1956.) 
NATO AGARD Rep. 28, Feb., 1956. 
10 pp. Discussion of testing techniques 
relevant to jet aircraft. 
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missile engineers 


As space becomes the missile engineer’s prov- 
ince the demand for highly competent talent is 
ever present. Each development uncovers other 
areas for advanced study. 

Beneath the imposing skyline at Northrop, 
engineers in the new multi-million dollar Engi- 
neering and Science Center are tackling today 
the problems of tomorrow’s flights into space. 

Scientists and engineers at Northrop have 
many accomplishments to their credit, including 
the USAF-Northrop SM-62 Snark interconti- 
nental guided missile, first such weapon system 
to become operational with the Strategic Air 
Command. Research continues on preliminary 
and advanced projects involving missile guid- 
ance and controls, propulsion, flight test engineer- 
ing, and similar areas of prime importance. 

Northrop’s 18 years of experience in pilotless 
flight is seldom matched by other manufacturers 
in the aircraft or missile fields. This reputation 
is a principal reason why experienced engineers 
and scientists have joined the Northrop Engi- 
neering Division. As work progresses on the 
USAF Snark and other vital missile projects 
career opportunities become available for quali- 
fied missile engineers. 


NORTHROP 


Northrop Division of Northrop Aircraft, Inc. 
Engineering Industrial Relations, Dept. 4600- G 
1041 East Broadway, Hawthorne, California 


BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE 
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Condizioni Techniche per la Naviga- 
bilita Degli Aeroplani Civili a Getto. 
Lucio Lazzarino. L’Aerotecnica, Apr., 
1957, pp. 63-72. 106 refs. In Italian. 
Discussion of some problems involved in 
the safety of civil jet aircraft, on the basis 
of available data. 

Design of Passenger ‘‘Tie-Down’’; 
Some Factors for Consideration in the 
Crash-Survival Design of Passenger 
Seats in Transport Aircraft. Appendix— 
Changes in Structural Requirements Asso- 
ciated with Reversing the Direction of Fac- 
ing of Airplane Passenger Seats. A. How- 
ard Hasbrook. (Sci. Soc. Aero. & German 
Res. Inst. Aero., Joint Meeting, Essen, 
Germany, Apr. 9-12, 1957.) Cornell U. 
CSDM 1, Av-CI R-44-0-66, Sept., 1956. 
51 pp. 10 refs. USAF-Army-Navy-sup- 
ported research. 


Space Travel 


Radiobiologische Probleme der Raum- 
fahrt. E. H. Graul. Raketentech. & 
Raumfahrtforsch., July, 1957, pp. 40-47. 
29 refs. In German. Study of ‘‘radio- 
biological’ problems involved in space 
travel. 

IGY Rocket Program. Sci. Mo., Sept., 
1957, pp. 1380-142. Discussion of the 
scientific phenomena to be explored during 
IGY and of ‘the rocket vehicles to obtain 
such data. 

Zur Flugmechanik der Photonenrake- 
ten. Eugen Sanger. (7th Internatl. As- 
tronautical Cong., Rome, Sept., 1956.) 
Astronautica Acta, Fasc. 2, 1957, pp. 89- 
99. In German. Theoretical discussion 
of the possibility of flight at velocities 
approaching the speed of light, by means 
of photon rockets. 

Radio Tracking of IGY Satellite: The 
Mark II Minitrack System. Roger L. 
Easton. (AAS 3rd Annual Meeting, New 
York, Dec. 6, 1956.) J. Astronautics, 
Summer, 1957, pp. 31, 32, 39. Discus- 
sion of the development of radio interfer- 
ometer techniques for satellite tracking. 

Rocketing Into Space. James Strong. 
The Aeroplane, Aug. 2, 1957, pp. 162-165. 
Summary of the College of Aeronautics, 
Symposium on High Altitude and Satel- 
lite Rockets. Discussions are concerned 
with the nonmilitary applications and 
developments of rockets. 

Rockets and Artificial Satellites in the 
I.G.Y. Kenneth W. Gatland.  Space- 
flight, July, 1957, pp. 130-138. Discus- 
sion of the scope and objectives of the 
IGY, with background histories of the 
rockets and artificial satellites involved. 

Rockets and Satellites at Cranfield; 
The Papers and Discussions Summarized. 
Flight, Aug. 2, 1957, pp. 153-156. 

Progress Toward Space Flight: Space 
Travel and Our Technological Revolution. 
Wernher von Braun. Missiles & Rockets, 
July, 1957, pp. 75-78. 

Ionspheric Problems. T. W. Benning- 
ton. Wireless World, Aug., 1957, pp. 
365-368. Discussion of certain problems 
that need exploration during the coming 
IGY, and the possible solutions which 
should be obtainable from high-altitude 
rockets. 

The Earth Satellite. I-—Concept and 
Preparation. Joseph Goodyear. Indian 
Skyways, June, 1957, pp. 41, 48, 45. 
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Instrumentation for a Cosmic Ray Ex- 
periment for the Minimal Earth Satellite. 
George H. Ludwig and James A. Van 
Allen. J. Astronautics, Autumn-Winter, 
1957, pp. 59, 60, 80. Discussion of a pro- 
posed experiment in which a single Geiger- 
Mueller counter would be used to study 
the geographical and temporal variations 
of the primary cosmic-ray intensity. 
The counter would incorporate a system 
for storing its output during the orbit of 
the satellit., and for short-time read-out 
of this information. 

The Physical and Chemical Fundamen- 
tals of Satellite Flight. II. Appendix I, 
II, I11—Period of Revolution for a Satel- 
lite Moving in an Elliptical Orbit. Paul 
F. Winternitz. J. Astronautics, Autumn- 
Winter, 1957, pp. 65, 68-70, 80. Com- 
putation of the actual numerical values for 
the circular and escape velocities by re- 
placing the simplifying assumption of con- 
stant gravitational force with Newton's 
law of gravitation, and analysis to deter- 
mine the satellite's lifetime. 

Minitrack System Design Criteria. J. 
T. Mengel. Elec. Eng., Aug., 1957, pp. 
666-672. Examination of the operating 
principles of the radio phase-comparison 
angle-tracking system, and discussion of 
the appropriate design with reference to 
the severe weight and size limitations and 
altitude limits of the Vanguard satellite. 

The Vanguard Instrument Package. 
Herbert Friedman. Astronautics, Aug., 
1957, pp. 66-69, 104, 105. Discussion 
of the satellite instruments to obtain data 
on solar radiation, cosmic rays, geomagne- 
tism, and meteorology. 

Rundown on the Vanguard Vehicle. 
Astronautics, Aug., 1957, pp. 62, 63, 102. 
Description of the Vanguard rocket and its 
launching procedure. 

Internationales Geophysikalisches Jahr 
und Projekt ‘‘Vanguard.’? Flugwehr & 
-Technik, Aug., 1957, pp. 214-216. In 
German. Description of the Vanguard 
project for the geophysical year. 

Minimum Earth Satellite as ‘‘Storm 


Patrol.”? S. F. Singer. (Upper Atmos. 
Rocket Res. Panel, 10th Anniversary 


Meeting, Ann Arbor, Jan. 26, 27, 1936.) 
Sct. Mo., Aug., 1957, pp. 95-98. De- 
scription of the use of a photocell for ob- 
taining meteorological data from a satel- 
lite vehicle. 


Structures 


The Stress Distribution in Panels 
Bounded by Constant-Stress Edge Mem- 
bers. Appendix I-—Stress Distribution 
in an Infinitely Long Panel Bounded by 
Constant-Stress Edge Members. Ap- 
pendix II—Stress Distribution in a Finite 
Panel Bounded by Constant-Stress Edge 
Members. Appendix IlI—-Stress Dis- 
tribution in an Infinitely Long Panel 
Bounded by Constant-Area Edge Mem- 
bers. E. H. Mansfield. Gt. Brit., ARC 
R&M 2965, (Jan., 1954) 1957. 15 pp. 
BIS, New York, $0.90. Derivation of 
exact solutions for the stress distributions 
considered, and analysis of the influence of 
closely spaced stringers and ribs on the 
peak shear stresses. 

Effects of Complex Stress-Time Cycles 
on the Fatigue Properties of Metals. 
W. L. Starkey and S. M. Marco. (ASME 


1967 


Annual Meeting, New York, Nov. 25-30, 
1956, Paper 56-A-1.) ASME Trans., 
Aug., 1957, pp. 1,329-1,336. Presenta- 
tion of relationships which correlate the 
effects of complex stresses with simple fail- 
ure data, and of the results of a testing 
program conducted to obtain experimental 


Fatigue of Metals Under Combinations 
of Stresses. W. N. Findley. (ASME 
Annual Meeting, New York, Nov. 25-30, 
1956, Paper 56-A-74.) ASME Trans., 
Aug., 1957, pp., 1,837-1,348. 20 refs. 
Examination of several theories of failure 
under combined stress and modification of 
these theories to account for observed 
facts. A general design expression is pro- 
posed and the influences of mean stress (in- 
cluding extreme compression), yielding, 
complementary normal stress, and aniso- 
tropy are considered. 

Die Deutung bestimmter ebener Eigen- 
spannungszustinde als Membranspan- 
nungen. Max Hieke. ZAMM, May- 
June, 1957, pp. 177-191. In German 
Analysis of the state where the compati- 
bility conditions are not satisfied. Results 
indicate that in two-dimensional strain 
problems it is, in some cases, possible to 
show how the surface elements may be 
fitted together without stress by curving 
the membrane in a suitable way. 

Practical Structural Design Problems of 
Supersonic Aircraft. W. G. Heath and 
B. O. Heath. Aircraft Eng., July, 1957, 
pp. 206-211. Outline covering the prob- 
blems involved in determining the critical 
design case, practical considerations in 
designing the optimum structure, stressing 
considerations, aeroelastic considerations, 
and structural testing. 

Discussion on Safety-Factor Require- 
ments for Supersonic Aircraft Structures. 
G. M. Goldman. (ASME Av. Div. 
Conf., Los Angeles, Mar. 14-16, 1956, 
Paper 56-AV-18.) Trans. ASME, July, 
1957, pp. 986-989. 

A Statistical Appraisal of the Prot 
Method for Determination of Fatigue En- 
durance Limit. W. A. Hijab. (ASME 
Annual Meeting, New York, Nov. 25-30, 
1956, Paper 56-A-50.) J. Appl. Mech., 
June, 1957, pp. 214-218. 12 refs. Anal- 
ysis which shows that the Prot method 
cannot achieve a great saving in the num- 
ber of specimens required for its statistical 
efficiency, which is found to be even less 
than that of its other two competitors, the 
probit and staircase methods. 


The Propagation of Fatigue Damage 
Measured by Periodical Polishing. B. k. 
Foster. Auircraft Eng., July, 1957, pp. 
211-215. Description of the periodical- 
polishing technique and of some tests in 
which it is used. 

Graphical Representation of States of 
Stress and Strain. Zdzistaw Marciniak. 
Arch. Mech. Stosowanej; No. 3, 1957, pp. 
261-274. 

The Sphere Weakened by a Concentric 
Inclusion of Different Elastic Properties 
Under Concentrated Loads. Jozef Go- 
lecki: Arch. Mech. Stosowanej, No. 3, 
1957, pp. 301-317. 12 refs. Theoretical 
investigation of the influence of structural 
nonhomogeneity, in the form of a cavity or 
a spherical inclusion of different elastic 
properties, on stress distribution in a 
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Here's how the Lockheed Electra prop-jet airliner will look on its maiden test flight early next year. The Electra—first all new four-engine transport 
ordered by U. S. airlines in a decade—is one of 12 Lockheed planes in or nearing flight test stage. 


Engineers... How Lockheed’s aircraft fleet 
assures you a variety of assignments 


To the engineer who seeks variety in his work, Lockheed Openings for engineers of high ability and experience exist at 
offers an assortment of challenging aircraft projects that is Lockheed’s Burbank, California facility in... 
unequalled in the industry. 


Aerodynamics 
Lockheed has 12 aircraft — representing 30 different models — 
now in or approaching the flight test stage. Included are cargo Thermodynamics 
and passenger prop-jet transports; jet fighters, trainers; turbo- Flight Test 
jet transports; bombers; radar search planes; and the U-2 high Electronics (including Antenna) 


altitude test plane. 

For additional information, we invite you to write Mr. E. W. 
Des Lauriers, Manager, Placement Staff, Dept. 0511 at 1708 
Empire Avenue, in Burbank, California. 


The broad spectrum of aircraft types now being built or planned 
for the future provides a fascinating environment for the engi- 
neer who qualifies. 


THE CALIFORNIA DIVISION 


L 0 C K if 7 FE D OF LOCKHEED AIRCRAFT CORPORATION 


BURBANK, CALIFORNIA 
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sphere subjected to compressive forces 
acting along diameters. 


Bars & Rods 


Wplyw Wiezé6w Geometrycznych i Dy- 
namicznych na Obszary Rezonansowe w 
Zagadnieniu Statecznogci Dynamicznej 
Preta CienkoSciennego o Profilu Otwartym 
Kazimierz Piszezek. Rozprawy Inzynier- 
skie, No. 2, 1957, pp. 207-225. In Polish, 
with summaries in English and Russian. 
Analysis of the geometrical and dynamical 
constraints of resonance regions in the 
problem of dynamic stability of a thin- 
walled bar with open cross section. 

Asupra Comportarii Barei Drepte Sup- 
usa la Sarcini Dinamice Axiale. S. 
Rautu and Fl. Dinca. Stud. Cerc. Mec. 
A plic., Jan.-Mar., 1957, pp. 135-140. In 
Rumanian. Study of the behavior of a 
simply-supported rod subjected to axial 
dynamic stresses. 

Asupra Deformarii Transversale a Unei 
Bare Solicitate Prin Soc Axial. E. Pro- 


copovici. Stud. Cerc. Mec. Aplic., Jan.- 
Mar., 1957, pp. 141-154. 12 refs. In 
Rumanian. Study of the dynamic be- 


havior of rods under axial loads. 

Torsiunea unei Cilindrice Neomo- 
gene. L. Dumitrescu and C. Stanescu. 
Stud. Cere. Mec. Aplic., Jan.-Mar., 1957, 
pp. 111-114. In Rumanian. Study of 
the torsion of a nonhomogeneous cylindri- 
cal rod. 

Uprugo-Plasticheskii Izgib Sterzhnei, 
Poperechnoe Sechenie Kotorykh Obladaet 
Odnoi Os’iu Simmetrii. Iu. A. Rakov- 
shchik. AN SSSR Otd. Tekh. Nauk Izv., 
Mar., 1957, pp. 183, 184. In Russian. 
Calculation of the elasto-plastic deforma- 


‘tion of rods with an axis of symmetry in 


their cross section. 


Beams & Columns 


Curved Beams with Eccentric Bound- 
aries. J. P. Vidosci, F. J. Bogardus, and 
J. C. Durden. (ASME Fall Meeting, 
Denver, Sept. 10-12, 1956, Paper 56—-F-1.) 
ASME Trans., Aug., 1957, pp. 1,317- 
1,32.. Mathematical and _ photoelastic 
investigation of the stresses in curved 
beams having eccentrically positioned cir- 
cular-arc boundaries. 

Collapse Strength of Redundant Beams 
after Lateral Buckling. E. F. Masur and 
K. P. Milbradt. (ASME Annual Meet- 
ing, New York, Nov. 25-30, 1956, Paper 
56-A-51.) J. Appl. Mech., June, 1957, pp. 
283-288. 

A Numerical Procedure for Calculating 
the Large Deflections of Straight and 
Curved Beams. A. E. Seames and H. D. 
Conway. (ASME Annual Meeting, New 
York, Nov. 25-30, 1956, Paper 56-A-38.) 
J. Appl. Mech., June, 1957, pp. 289-294. 
Method for calculating the large deflec- 
tions of beams assuming that the elastic 
axis can be approximated by a number of 
circular arcs tangent to one another at 
their points of intersection. The calcula- 
tions are made in tabular form, and are 
illustrated by particular examples of 
straight and curved cantilever beams and 
of rings subjected to concentrated or dis- 
tributed loads. 


Cylinders & Shells 


Asupra Calculului Grinzilor Pereti cu o 
Singura Deschidere. P. P. Teodorescu. 
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Stud. Cerc. Mec. Aplic., Jan.-Mar., 1957, 
pp. 115-134. 46 refs. In Rumanian. 
Development of a general method to cal- 
culate the plane problem of the theory of 
elasticity in the case of a rectangular do- 
main for arbitrary edge stresses. 

O Plasticheskom Izgibe Krivykh Ton- 
kostennykh Trub. L. M. Kachanov. 
AN SSSR, Otd. Tekh. Nauk Isv., May, 
1957, pp. 42-47. In Russian. Study of 
plastic bending of curved thin tubes. 

On Radial Defiections of a Cylinder 
Subjected to Equal and Opposite Concen- 
trated Radial Loads; Infinitely Long 
Cylinder and Finite-Length Cylinder with 
Simply Supported Ends. S. W. Yuan and 
L. Ting. (ASME Annual Meeting, New 
York, Nov. 25-30, 1956, Paper 56-A-64.) 
J. Appl. Mech., June, 1957, pp. 278-282. 
22 refs. 

General Instability of a Ring-Stiffened, 
Circular Cylindrical Shell under Hydro- 
static Pressure. S. R. Bodner. (ASME 
Annual Meeting, New York, Nov. 25-30, 
1956, Paper 56-A-30.) J. Appl. Mech., 
June, 1957, pp. 269-277. 14 refs. 


Elasticity & Plasticity 


Funktsii Napriazhenii Osesimmetrich- 


noi Zadachi Teorii Uprugosti. K. V. 
Solianik-Krassa. Prikl. Mat. i Mekh., 
Mar.-Apr., 1957, pp. 285, 286. In Rus- 


sian. Application of stress functions to 
the solution of the axisymmetric problem 
in the theory of elasticity. 

On the Plane Problem of the Elastody- 
namics. P. P. Teodorescu. Rev. Méc. 
Appl., No. 2, 1956, pp. 179-184. Analy- 
sis to obtain a solution for the stresses by 
means of only one function, a natural gen- 
eralization of Airy’s function. 

Analog Computer for Nonlinear Sys- 
tem with Hysteresis. W. T. Thomson 
(ASME Appl. Mech. Western Div. Conf., 
Pasadena, June 11-13, 1956.) J. Appl. 
Mech., June, 1957, pp. 245-247. Analysis 
of the problem of a structural material 
loaded beyond its elastic limit, and which 
displays a hysteresis such that recovery 
from maximum deflections preceeds elas- 
tically. A computer scheme is presented 
for a solution with a unidirectional force 
excitation. 

Consideratii, in Legatura cu un Criteriu 
de Pierdere a Stabilitatii Elastice a Siste- 
melor de Bare. Mihail Ifrim. Stud. 
Cerc. Mec. Aplic., Jan.-Mar., 1957, pp. 
213-231. 17 refs. In Rumanian. Pres- 
entation of a criterion for the loss of 
elastic stability in rod systems. 

Udar po Bezkonechnoi Plastinke, Le- 
zhashchei na Uprugom Zhidkom Polupro- 


stranstve. M.I. Gusein-Zade. ANSSSR 
Dokl., Mar. 21, 1957, pp. 523-526. 


In Russian. Study of the impact at an 
infinite plate lying on an elastic liquid semi- 
space. 

Priblizhennoe Reshenie Zadach Teorii 
Malykh Uprugo-Plasticheskikh Defor- 


matsii. D. D. Ivlev. AN SSSR Dokl., 
Mar. 21, 1957, pp. 527, 528. In Russian. 
Approximate solution of problems of 


small elastic-plastic deformations. 

Application of the Puwein Formula to 
the Theory of Buckling. M. Wnuk and 
M. Zyczkowski. Arch. Mech. Stosowanej, 
No. 3, 1957, pp. 293-300. 16 refs. 


O Vliianii Nachal’nykh Nepravil’nostei 
na Ustoichivost’ Tsilindricheskikh Obo- 


1957 


lochek pri Vneshnem Davlenii. 
Vol’mir. AN SSSR Doki., Mar. 11, 
1957, pp. 291-293. In Russian. Analy- 
sis of the influence of initial imperfections 
on the stability of cylindrical shells under 
external pressure. 

Priblizhennoe Reshenie Uprugo-Plas- 
ticheskikh Zadach Teorii Ideal’noi Plas- 
tichnosti. D.D.Ivlev. AN SSSR Dokl., 
Mar. 11, 1957, pp. 294-296. In Russian 
Approximate solution of elastic-plastic 
problems in the theory of ideal plasticity, 


A. §. 


Plates 


Some Mixed Boundary-Value Problems 
of the Semi-Infinite Strip. G. Horvay 
and J. S. Born. (ASME Annual Meeting, 
New York, Nov. 25-30, 1956, Paper 56-A- 
54.) J. Appl. Mech., June, 1957, pp. 261- 
268. 1llrefs. Solutions for a strip which 
is traction-free along the edges with the 
short edge subjected (a) to a quadratic 
shear displacement, zero normal stress, (b) 
to a cubic normal displacement, zero shear 
stress. 

Nekotorye Obobshcheniia, Kasaiush- 
chiesia Resheniia Zadach ob Izgibe Krug- 
loi Plastinki i Bezkonechnoi Polosy, 
Lezhashchikh na Uprugom Poluprostran- 
stve. A. G. Ishkova. Prikl. Mat. i 
Mekh., Mar.-Apr., 1957, pp. 287-290. 
In Russian. Discussion of some general- 
izations related to the solution of the 
bending problem of circular plates and in- 
finite strips lying on an elastic semispace. 

O Ravnovesii Szhatykh Plastinok za 
Predelom Uprugosti. I. S. Maliutin. 
AN SSSR, Otd. Tekh. Nauk Izv., May, 
1957, pp. 118-121. In Russian. Study of 
the stability of compressed plates beyond 
the elastic limit. 

Solution of Some Problems in Bending 
of Thin Clamped Plates by Means of the 
Method of Muskhelishvili. L. I. Deverall 
(ASME Appl. Mech. Western Div. Conf., 
Pasadena, June 11-13, 1956.) J. Appl. 
Mech., June, 1957, pp. 295-298. 26 refs. 

The Transverse Flexure of Thin Per- 
forated Elastic Plates Supported at Several 
Points. W. A. Bassali. Cambridge 
Philos. Soc. Proc., July, 1957, pp. 744-754. 
13 refs. Derivation of exact solutions in 
finite terms for the problem of an infinitely 
large. plate with the outer edge free and an 
inner free circular boundary. The plate 
is supported at any number of interior or 
boundary points and normally loaded over 
a circle. The load considered is symmet- 
rical with respect to the center of the 
circle. Muskhelishvili’s method and the 
general assumptions relating to the small 
bending theory of plates are used in the 
analysis. 


Sandwich Structures 


Steel Sandwich Structure to Highlight 
New Fighter Aircraft. Alf Fridtjof En- 
srud. (SAE Natl. Aero. Meeting, New 
York, Apr. 2-5, 1957, Preprint 84.) SAE 
J., Aug., 1957, pp. 38-42. Abridged. 

Mechanical Properties of 422-J Bac- 
foam Core for Sandwich Construction. 
P. M. Jenkinson and E. W. Kuenzi. 
USAF WADC TR 57-132 [AD 118249}, 
Apr., 1957. 11 pp. Edgewise compres- 
sion and flexure experiments with results 
presented in tabular form and as curves 
illustrating the variation of mechanical 
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properties with temperature. Typical 
stress-strain curves are included for flat- 
wise compression of core at room tem- 
perature. 


Testing 


Limitations of the Finite Difference 
Method of Structural Analysis. Bertram 
Klein. J. Aero. Sci., Oct., 1957, pp. 774, 

On the Measurement of Surface Wavi- 
ness of Airplane by an Optical Method. 
Toshio Hiraki. Japan Soc. Aero. Eng. J., 
July, 1957, pp. 11-16. In Japanese. 
Method for measuring the surface waviness 
of airframe skin by photographing with a 
conventional camera the image of a 
checked plane on the test surface. 

Testing Machine for Short-Time Creep 
and Stress-Rupture Testing at 2000 to 
2500°C. Morton C. Smith, D. M. Olson, 
and Harry L. Brown. Rev. Sci. Instr., 
July, 1957, pp. 548-547. Description of a 
testing machine in which a specimen con- 
tained within a water-jacketed vessel is 
heated in a vacuum or in a gas atmosphere 
by a tantalum-tube resistance heater, and 
then subjected to static tensile loads up to 
100,000 psi. 

Utilization of Solar Furnaces in High- 
Temperature Research. Pol Duwez. 
(ASME Av. Div. Conf., Los Angeles, Mar. 
14-16, 1956, Paper 56-—A-—17.) Trans. 
ASME, July, 1957, pp. 1,019-1023. 
Theoretical discussion of the performances 
of a parabolic-type solar furnace. Maxi- 
mum temperature and maximum heat 
flux at the focus are presented for fur- 
naces of different diameter-to-focal length 
ratios. 

Some NACA Research on Effect of 
Transient Heating on Aircraft Structures. 
J. E. Duberg. (ASME Av. Div. Conf., 
Los Angeles, Mar. 14-16, 1956, Paper 56- 
AV-16.) Trans. ASME, July, 1957, 
pp. 1,014-1,018. Description of a radiant 
heating apparatus to simulate aerody- 
namic heating, and results of the effects of 
thermal stresses on the stiffness and de- 
flection of aircraft structures demon- 
strated by tests using the apparatus. 


Thermal Stress 


The Physical Properties of Several 
Materials for Use in Photo-Thermoelastic 
Investigations. Herbert Tramposch and 
George Gerard. NYU Coll. Eng. TR SM 
57-5, May, 1957. 26 pp. Consideration 
of Paraplex P43, Castolite, and epoxy 
resin Hysol 6000-OP over a temperature 
range from +100°F. to —60°F.  Photo- 
thermoelastic figures of merit, which rate 
the optical sensitivity of materials, as well 
as a new method to determine these figures 
in a relative manner, are presented. 

Thermal Stresses Around a Heated 
Hole in a Large Glass Plate. A. C. 
Thompson. Am. Ceramic Soc. J., July 1, 
1957, pp. 244, 245. 

Tavole per il Calcolo di Dischi Conici a 
Spessore sia Decrescente, sia Crescente 
Verso l’Esterno Peso Specifico e Tempera- 
tura Variabili Lungo il Raggio. Renato 
Giovannozzi. (L’Aerotecnica, Fasc. 5, 
1956.) Torino Polytech. Inst., Aero. Lab., 
Monograph 410, 1957. 23 pp. In Italian. 
Presentation of tables for the calculation 
of conical discs with thickness decreasing 
or increasing with the radius, and with 
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Information manual 
about APL and its 


current programs 


now available 


The Applied Physics Laboratory (APL) of 
The Johns Hopkins University is unique in that 
we are neither an industrial nor an academic 
organization, but rather a composite, having 
drawn freely from the methodologies of each. 

For thirteen years APL has pioneered in 
guided missiles. Today we are engaged in a 
broad program of R & D for the Navy; in 
addition, we are responsible for technical direc- 
tion of industrial and academic contractors in 
developing the Terrier, Talos and other major 
weapons and weapons systems. Our staff mem- 
bers enjoy not only the stimulus of association 
with their immediate colleagues at APL, but 
also with those in other organizations of con- 
siderable stature. 


NEW 30-PAGE PUBLICATION 


A few positions for senior engineers and scientists 
are now open. Information on our accomplishments 
and goals is available in a new 30-page publication, 
just off the press. 

In it staff leaders representing each of the various 
disciplines and fields outline the nature of their 
programs. Information on our new laboratory in 
Howard County, Md. (equidistant between Balti- 
more and Washington) is also included, together 
with facts on the outstanding communities in which 
our staff members live. 


Quantity is somewhat limited. May we suggest you send now to: 
Professional Staff Appointments 


The Johns Hopkins University 
| Applied P hysies Laboratory 


8605 Georgia Avenue Silver Spring, Md. 
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specific weight and temperature varying 
along the radius. 

Effect of Stress on Creep at High Tem- 
peratures. H. Laks, C. D. Wiseman, O. 
D. Sherby, and A. E. Dorn. (ASME 
Annual Meeting, New York, Nov. 25-30, 
1956, Paper 56-A-55.) J. Appl. Mech., 
June, 1957, pp. 207-213. 14 refs. 

Stress Distributions in Rotating Disks 
Subjected to Creep at Elevated Tempera- 
ture. A. M. Wahl. (ASME Annual 
Meeting, New York, Nov. 25-30, 1956, 
Paper 56-A-162.) J. Appl. Mech., June, 
1957, pp. 299-305. 

O Nekotorykh Vozmozhnostiakh Opi- 
saniia Neustanovivsheisia Polzuchesti s 
Prilozheniem k Issledovaniiu Polzuchesti 
Rotorov. Iu. N. Rabotnov. AN SSSR, 
Otd. Tekh. Nauk Izv., May, 1957, pp. 30- 
41. In Russian. Analysis of the defini- 
tion of unsteady creep. 

Thermostructural Efficiencies of Com- 
pression Elements and Materials. George 
Gerard. (ASME Av. Div. Conf., Los 
Angeles, Mar. 14-16, 1956, Paper 46—A V— 
12.) Trans. ASME, July, 1957, pp. 967— 
973. 


Thermodynamics 


L’Elevato Grado di Porosita nelle Ma- 
trici dei Rigeneratori del Calore Giustifica 
una Loro Teoria Approssimata Suscettibile 
di Risoluzione che qui se Espone. Mo- 
desto Panetti. (Acad. Sci. Torino, Atti, 
vol. 91, 1956-57.) Torino Polytech. Inst., 
Aero. Lab., Monograph 407, 1957. 8 pp. 
In Italian. Approximative determina- 
tion of the problem of temperature distri- 
bution of the rotating matrix in a heat 
exchanger. 

O Rasprostranenii Sil’noi Sfericheskoi 
Vzryvnoi Volny v Teploprovodnom Gaze. 
V. P. Korobeinikov. AN SSSR Dokl., 
Apr. 11, 1957, pp. 1,006-1,009. In Rus- 
sian. Study of the propagation of strong 
spherical blast waves in a gas with heat 
conduction. 

O Vvedenii Izlucheniia v Zadache Gazo- 
voi Dinamiki. E. Larish and I. Shekht- 
man. AN SSSR Dokl., Apr. 11, 1957, pp. 
1,010-1,012. In Russian. Development 
of a method introducing radiation in the 
problems of gas dynamics. 


Combustion 


Issledovanie Vosplameneniia Nagretoi 
Poverkhnost’iu v Usloviakh Dvigatelia. 
A. N. Voinov. AN SSSR Dokl., Apr. 
21, 1957, pp. 1,259-1,262. In Russian. 
Study of ignition by hot surfaces of an 
engine. 

O Nekotorykh Zakonomernostiakh 
Diffuzionnogo Goreniia Zhidkostei. V. 
I. Blinov and G. N. Khudiakov. AN 
SSSR Dokl., Apr. 11, 1957, pp. 1,094— 
1,097. In Russian. Derivation of cer- 
tain laws in the diffusion burning of liquids. 

Flammes Stabilisées par des Obstacles; 
Structure Thermochimique du Noyau de 
Stabilisation. J. Rappeneau and H. 
Grassin. La Recherche Aéronautique, 
May-June, 1957, pp. 17-22. In French. 
Study of flame stabilization by obstacles 
and of the thermochemical structure of 
stabilization core. 

Teplovaia Teoriia Zazhiganiia Gazovykh 
Smesei i Predel’nye Iavleniia. S. A. 
Gol’denberg and L. N. Khitrin. AN 


SSSR Otd. Tekh. Nauk Izv., Mar., 1957, pp. 
142-155. 41 refs. In Russian. De- 
velopment of the theory of ignition of gas 
mixtures and analysis of boundary phe- 
nomena. 


Heat Transfer 


Nonsteady Surface Temperature Effects 
on Forced Convection Heat Transfer. 
E. M. Sparrow and J. L. Gregg. J. Aero. 
Sci., Oct., 1957, pp. 767, 777. Analysis of 
a semi-infinite flat plate to compute the 
first-order deviations of the instantaneous 
heat transfer from the quasi-steady value. 

Effect on the Local Heat-Transfer Co- 
efficient in a Pipe of an Abrupt Disturb- 
ance of the Fluid Flow: Abrupt Con- 
vergence and Divergence of Diameter 
Ratio2/1. A.J. Ede, C. I. Hislop, and R. 
Morris. IME Proc., No. 38, 1956, pp. 
1,113-1,130. 24 refs. 

Nonstationary Heat Conduction in 
Solids Bounded by Orthogonal Coordinate 
Surfaces. Il--Temperature Fields that 
Depend on a Single Coordinate. M. G. 
Kogan. Sov. Phys. - Tech. Phys., No. 7, 
1957, pp. 1,486—1,492. Translation. 
Analysis of one-dimensional, axially sym- 
metric, and centrally-symmetric non- 
stationary temperature fields produced by 
distributed volume and _ surface heat 
sources, and by heat exchange with the sur- 
rounding medium. 

Certain Concepts Concerning the Pro- 
cedure for Calculating Heat Exchange and 
Hydraulic Resistance of High-Velocity 
Gas Flow. P. V. Dvornichenko. Sov. 
Phys. - Tech. Phys., No. 7, 1957, pp. 1,531- 
1,537. Translation. Study of the heat- 
exchange equation for the variation of the 
slow-down temperature of a forced gas 
stream. 

A Problem in Self-Heating of a Spheri- 
cal Body. S. M. Genensky. J. Res., 
Aug., 1957, pp. 79-81. Development of 
an analytic steady-state solution for a 
spherical body in which heat is generated 
according to a first-order, unimolecular- 
reaction law and lost at the surface in 
accordance with Newton’s law of cooling. 

The Thermal Instability of a Rotating 
Fluid Sphere Heated Within. S. Chand- 
rasekhar. Philos. Mag., 8th Ser., July, 
1957, pp. 845-858. Derivation of the 
equations governing the state of marginal 
instability for the case when the motions 
and associated perturbations have sym- 
metry about the axis of rotation, and solu- 
tion of the underlying characteristic value 
problem for a slightly modified set of 
boundary conditions. 


VTOL & STOL 


Vzlet i Posadka Vertoleta Mu-4 v Taige. 
V. Ostroumov. Grazhdanskaia Aviatsiia, 
May, 1957, pp. 21-24. In Russian. De- 
scription of take-off and landing problems 
of the Mu-4 helicopter in Siberian forests. 

Problems of Stability and Control for 
VTOL Aircraft. James A. O'Malley, Jr. 
(IAS 25th Annual Meeting, New York, 
Jan. 28-31, 1957, Preprint 729) Aero. Eng. 
Rev., Oct., 1957, pp. 78-84. 

Factors Affecting the Field Length of 
STOL §Aircraft. Appendix—Take-Off 
Calculations. G. W. Johnston. (NATO 
AGARD Flight Test Tech. Panel, 9th 
Meeting, Brussels, Aug. 27-31, 1956.) 
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NATO AGARD Rep. 81, Aug., 1956, 
18 pp. Performance analysis of a take-off 
in which the thrust loading is reduced to 
approximately 2 and high lift devices are 
used. 

Flying Atar VTOL is Simple, Promising, 
David A. Anderton. Av. Week, Aug. 5, 
1957, pp. 50-59. Discussion giving the 
developmental history and performance 
characteristics under various conditions of 
the French VTOL test vehicle. 

L’Atar Volant. Roland de Narbonne. 
Air Revue, July, 1957, pp. 355-358. In 
French. Design and description of the 
Atar Volant, its operating characteristics, 
and problems encountered. : 

Contribution 4 la Déviation Partielle 
d’un Jet. G. Ernst. Docaéro, June, 
1957, pp. 29-34. In French. Theoretical 
study of the partial jet deflection as related 
to vtol take-off and landing problems. 


Wind Tunnels & 


Research Facilities 


Elimination des Dépots d’Huile Dans 
une Soufflerie Supersonique. L. Demon. 
La Recherche Aéronautique, May-June, 
1957, pp. 15, 16. In French. Discussion 
covering the elimination of oil deposits in 
a supersonic wind tunnel. 

Centro di Studio per la Dinamica dei 
Fluidi. Modesto Panetti. (Ric. Sci., 
Nov., 1956.) Torino Polytech. Inst., Aero. 
Lab., Monograph 401, 1956. 8 pp. In 
Italian. Description of the fluid-dynam- 
ics research facility and its activities 
during the first part of 1956. 

The Controlled-Temperature-Pressure 
Range. F. D. Bennett. (Aerodynamics 
Range Symposium, U.S., BRL Rep. 
1005, Pt. I, Mar., 1957, pp. 151-182.) 
Aero. Eng. Rev., Oct., 1957, pp. 63-68. 
Abridged. 

New Sonic Test Environments and 
Facilities. K. R. Jackman. (Convair 
Paper.) IAS Natl. Summer Meeting, 
Los Angeles, June 17-20, 1957, Preprint 
752. 34 pp. 16 refs. Discussion of 
typical specifications for environmental 
noise tests, and a survey of acoustical 
facilities throughout the country to run 
such tests. 

Hypersonic Researches. Zhe Engr., 
Aug. 9, 1957, pp. 198-200. Description 
of the principle of operation and design of 
a pressure-tube tunnel, low-density tunnel, 
and light-gas gun tunnel. 

The Operation of the N. P. L. 18” x 14” 
Wind Tunnel in the Transonic Speed 
Range. I. M. Hall. Gt. Brit., ARC CP 
338, (Jan. 10, 1955) 1957. 21 pp. 11 
refs. BIS, New York, $0.54. Descrip- 
tion of slotted liners used to operate in the 
transonic speed range. Power require- 
ments, preliminary calibration results, and 
some flow surveys are also presented. 

Wind Tunnels at the Royal Aircraft 
Establishment, Bedford. Elec. Energy, 
Aug., 1957, pp. 364-371. Discussion 
covering the 3- x 3-ft., 8- x 8-ft., and 4- 
x 3-ft. supersonic wind tunnels, and the 
vertical spinning tunnel. Emphasis is 
placed on power supply and_ driving 
motors. 

Tunnel for a Powerplant. R. Kaisner 
and M. Johnson. CEC Recordings, July- 
Aug., 1957, pp. 12-15. Description of the 
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instrumentation and data processing sys- 
tem of the propulsion tunnel at the Arnold 
Engineering Development Center. 

Opening of the R.A.E., Bedford. I, II, 
Wl. Zhe Engr., July 5, 12, 19, 1957, pp. 
19-23; 52-54; 95-97. (Also in Flight, 
July 5, 1957, pp. 18-20, and The Aero- 
plane, July 5, 1957, pp. 16-18.) Discus- 
sion of flying and static displays on the 
opening day, and description of the wind- 
tunnel facilities, the power plant, and the 
flying field with special equipment to rep- 
resent carrier landings and launchings. 

Note on Strain Gauge Recording Equip- 
ment for the R.A.E. Intermittent Super- 
sonic Wind Tunnels. K. G. Winter and 
E. J. Petherick. (Gt. Brit, RAE TN 
Aero. 2461, June, 1956; NATO AGARD 
Wind-Tunnel & Model-Testing Panel, 
Brussels, Aug. 27-31, 1956.) NATO 
AGARD Rep. 64, Aug., 1956. 11 pp. 
Description of the simple interim system 
in use in the R.A.E. Intermittent Wind 
Tunnel Plant and of a more sophisticated 
system similar to that proposed by Luka- 
siewicz. 

A Study of the Accuracy of Space-Time 
Systems. Heinz T. Schwinge and Charles 
E. Wilson, Jr. USAF HADC TR 57-5 
[AD 123734], June, 1957. 22 pp.  Deri- 
vation of equations for the errors in 
velocity, acceleration, and the rate of 
change of acceleration occurring when a 
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space-time system is used. It is assumed 
that the space and time errors are known. 

Methods of Interferometry Applied to 
the Visualization of Flows in Wind Tun- 
nels. R. Chevalerias, Y. Latron, and C. 
Veret. OSA J., Aug., 1957, pp. 703-706. 
Description of two optical setups, the first 
for an overall study of the flow over a 
model and the second for a detailed analy- 
sis of a small region. 

Design and Construction of Wind Tun- 
nel Models. Joseph J. Muncey and 
David M. Pote. (NATO AGARD Wind- 
Tunnel & Model-Testing Panel, Rome, Feb. 
20-25, 1956.) NATO AGARD Rep. 20, 
Feb., 1956. 20 pp. Discussion of model 
design features and methods of construc- 
tion for coping with the problems posed 
by the around-the-clock schedule of the 
major wind tunnel at the Cornell Aero- 
nautical Laboratory. 

Model Selection and Design Practices 
Applicable to the Development of Specific 
Aircraft. Donald D. Baals. (NATO 
AGARD Wind-Tunnel & Model-Testing 
Panel, Rome, Feb. 20-25, 1956.) 
NATO AGARD Rep. 21, Feb., 1956. 
27 pp. 14 refs. Discussion of factors 
pertinent to a specific model-development 
program and of the major aerodynamic 
and mechanical requirements of model de- 
sign. Five basic-development and _ five 
special-purpose models are considered as 
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the typical array necessary for the develop- 
ment of a present-day supersonic fighter. 


A A 


Members Elected 
(Continued from page 88) 


Taynton, Paul, B.S. in Ae.E., Aero- 
dynamicist, Thieblot Aircraft Co., Div. of 
Vitro Corp. of America. 

Walacavage, Robert L., B.S. in Ae.E., 
Assoc. Engr., Aerodynamics, Convair Div. 
(San Diego), General Dynamics Corp. 

Washburn, Allen C., B.S., Assoc. Engr., 
The Martin Co. (Orlando). 

Wells, Otis D., B.S. in Ae.E., Graduate 
Student and Instructor, Texas A & M 
College. 

Whittington, Paul D., B.S. in Ae.E., 
Jr. Mech. Engr., Guided Missile Div., 
Firestone Tire & Rubber Co. (Los Angeles) 

Willey, Clarence E., B.S. in Aviation 
Tech., Draftsman and Shop Leadman, 
The Jamieson Corp. 

Willoughby, Leon, B.S. in Ae.E., 
Assoc. Engr., Northrop Aircraft, Inc. 

Wood, Fred D., Jr., B.S. in M.E., 2nd 
Lt., Reports and Analysis Officer (Main- 
tenance), USAF (Lincoln AFB). 


SPECIAL IAS PUBLICATIONS 
Member Nonmember 
rice rice 
1953, 1952, 1951, 1950, 1949, 1948, 1947 (each) ............ 2.00 3.00* 
Second and Third Turbine-Powered Air Transportation Meeting Proceedings (each)................. 3.50 6.00* 
1955, 1954, and 1953 National Telemetering Conference Record (each) eee 2.00 2.00* 
First and Second Convertible Aircraft Congress Proceedings 3.00 5.00* 
Nineteenth Wright Brothers Lecture—Some Structural and Aeroelastic Considerations of High-Speed 
Flight, R. L. Bisplinghoff (Reprinted from the April, 1956, JOURNAL OF THE AERONAUTICAL 
Index to Books on Selected Technical Subjects in the IAS Library (up to 1950), unbound.......... 2.00 2.00* 
“Fifty Years of Flight"—A Chronicle of the Aviation Industry in America, 1903-1953, Welman A. 
Shrader (Published by Eaton Manufacturing Co. Reprinting and Distribution Rights Granted tolAS) .. 4.50 5.00 
*Add $1.00 for orders outside the U.S.A. 
These may be obtained by writing to: Special Publications Dept., IAS, 2 E. 64th St., N.Y. 21, N.Y. 


ug 
‘ 
= 
q 
3 
Be 
an 


AERONAUTICAL ENGINEERING REVIEW—NOVEMBER, 1957 
IAS Preprints 
Preprints of CAI-IAS Joint Meeting Papers Currently Available 
Price Price Price Price 
Global Navigation in High Speed Air- 759 Exit and Re-Entry Problems- = V. Bull, 
craft—W/C Keith R. Greenaway. $0.35 $0.75 K nkenhus, and G. H. Ti $0.35 $0.75 
Gas Turbine Combustion System Design— 760 Standby Rocket —eaaed for Civil Air- 
F.D. M. Williams. 0.50 0.85 craft—G. E. Ric 0.35 0.75 
Simulated Flight Training—lIts Uses and 761 Scheduled Miskonnber- The Year 1960— 
Limitations—Capt. G. B. Lothian. 0.35 0.75 Robert L. Cummings, Jr 0.35 0.75 
“ 762 Recent Advances in the Aerodynamic De- 
When Is an Aircraft a ““Nuisance’’ in the sok Turbonachiner H. 
Eyes 0.35 0.75 Robbins and H. W. Plo 0.35 0.75 
ying the Jet Stream—P. R. J. Reynolds 763 Stability and Control a cnenisiaish of the 
and C. L. Chandler. 0.50 0.85 Vertical Attitude VTOL Aijrcraft— 
Jet Weather—P. D. McTaggart-Cowan. 0.35 0.75 Earl R. Hinz. 0.50 0.85 
Preprints of Meeting Papers Currently Available 
The Response of a Bisymmetric Aircraft to 714 Unsteady-Lift Functions for Penetration of 
Small Combined Pitch, Yaw, and Roll raveling Gusts an blique Blast 
Control Actions—Robert A. Davis. $0.50 $0.85 Waves—Franklin W. Diedrich and 
Non-Linear Oscillations of an All-Movable Joseph A. Drischler. $0.35 $0.75 
Stabilizer at Supersonic Speeds—Albert 716 The Failure of Box Beams Under Bending 
Richardson, Jr. 0.65 1.00 and Rapid Heating—James W/. Mar. 0.50 0.85 
On the Simulation of Random Excitations 717 A Theoretical and Experimental Study of 
for Airplane Response Investigations on Airplane Dynamics in Large-Disturbance 
Analog Computers—Bernard Mazelsky Maneuvers—Donald W. Rhoads and 
and Harry B. Amey, Jr. 0.65 1.00 John M. Schuler. 0.65 1.00 
The Encounter of an Airfoil with a Moving 719 Modern Developments in Solid Propellant 
Gust Field—Norman P. Hobbs. 0.65 1.00 Rocket Engineering—Richard D. Geckler 
Vortex Interference Effects on the Aero- and Robert E. Davis. 0.50 0.85 
dynamics of Slender Airplanes and Mis- 720 A Method for Extrapolating Ground- 
siles—Alvin H. Sacks. 0.50 0.85 Based Radar Data on Rain Echoes to 
Structural and Impact Loads for the Flexible Areas of Arbitrary Size—Isadore Katz. 0.35 0.75 
irplane During Waeter Landings— 721 Tools for Management (A Symposium)— 
Edward Widmayer, Jr. 0.50 0.85 ndrew Fejer, Theodore T. Mc- 
Take-Off and Landing Distance and Power Knelly, Raymond C. Sebold, and Edward 
Requirements of Propeller-Driven STOL C. Wells. 0.35 0.75 
Airplanes—Richard E. Kuhn. 0.50 0.85 722° Air Force Air Traffic Control—Col. S. A. 
Cross Coupling Dynamics and the Problems Mundell. 0.35 0.75 
of Automatic Control in Rapid Rolls— 723 Airplane Design Implications of the In- 
J.D. Welch and R. E. Wilson. 0.65 1.00 ertia. Coupling Problem—R. Richard 
Rotating Stall in Axial Flow Compressors— Heppe and Leo Celniker 0.50 0.85 
Jean Fabri and Raymond Siestrunck. 0.50 0.85 727 Some Aeroelastic Problems of Tilt-Wing 
Differential Delta Three—A Method for VTOL Aircraft—R. G. Loewy and R. T 
Improving the Longitudinal Stability of Yntema 0.85 1.30 
the Tandem Helicopter—A. C. Adler. 0.65 1.00 730 Thermal Creep Design Criteria—Robert 
Correlation of Helicopter Performance Goldin 0.35 0.75 
Equations—I. A. Sikorsky. 0.65 1.00 731 The Selection of Structural Materials for 
General Design Requirements for Crash- Supersonic Flight—Donald D. Cox. 0.50 0.85 
worthiness and Delethalization of Pas- 732 Some Fundamental Principles of Collision 
senger Transport Aircraft—A. Howard Wearning—Emory Lakatos. 0.35 0.75 
Hasbrook. 0.35 0.75 733 System Considerations in Instrument Dy- 
Inertial Guidance—Walter Wrigley, Robert namics—Victor Azgapetian. 0.35 0.75 
. Woodbury, and John Hovorka. (Re- 734 Environmental Simulation: A Tool for the 
vised as FF-16.) 0.75 1.25 ontemporary Engineer—H. John Cail. 0.35 0.75 
Recent Developments in the Method of the 735 Environmental Testing of Avionic Equip- 
Rheoelectric Analogy Applied to Aero- ment—R. H. Douslass, Jr 0.35 0.75 
dynamics—Lucien C. Malavard. 0.50 0.85 736 Principles of Self-Contained Naviga- 
Experimental Investigation of the Rotating tion—H. H. Bailey. 0.35 0.75 
Stall in a Single Stage Axial Compressor 738 Stable Platforms for High-Performance 
—Jacques Valensi. 0.50 0.85 ircraft—R. annon and 
Developments in Cooling Systems for Heli- Chandler. 0.35 0.75 
copter Power Plants—H. A. Wahl. 0.35 0.75 739 Executive Aircraft for Business and Mili- 
A Rapid Performance Prediction Method tary—Maj. Gen. J. W. Sessums, Jr. 0.35 0.75 
for Compound Type Rotorcraft—Robert 740 Engineering Approach to Business Air- 
D. Foster. 0.65 1.00 craft—Ralp . Harmon 0.35 0.75 
The Jet Wing—John S. Attinello. 0.50 0.85 742 Propjet and sg ag Business Aircraft— 
An Investigation of the Handling Qualities rata 0.65 1.00 
of Tandem ae F. Geb- 743 The Effects of ten and Shock-Expansion 
hard and Leonard Goland 0.50 0.85 Fields on Pitch and Yaw Instabilities of 
Investigation of Helicopter Blade Flutter Supersonic Airplanes—Jack N. Niel- 
and Load Amplification Problems—H. sen and George E. Keaattari 0.50 0.85 
Daughaday, F. DuWaldt, and C. Gates. 0.65 1.00 744 Analysis of an Electrical Flight Control 
Flutter Model Testing at Transonic Speeds System for Interceptor Type Aircraft— 
—Walter P. Targoff and Richard P E. Price and R. Westerwick. 0.35 0.75 
White, Jr. 0.50 0.85 745 Design Considerations in the Use of Pow- 
The Challenge to America’s Leadership in ered Augmented Lift Systems—W. T. 
Technology—Edward H. Wynn. 0.50 0.85 Hamilton. 0.35 0.75 
Some Effects of Transients in Inlet Pressure 746 Research and Development Planning in the 
and Temperature on Turbojet Engines— Air Force—Lt. Col. Carlo R 
David S. Gabriel, Lewis E. Wallner, and Tosti. 0.50 0.85 
Robert J. Lubick. 0.35 0.75 747 Around the Requirement in Thirty Min- 
Effect of Dynamic Characteristics of Rocket utes—Rear Adm. D. J. Welsh. 0.35 0.75 
Components on Rocket Control—John 748 Flight Testing of Det Missiles—Mil- 
Sanders, David Novik, and Clint E. ton Kuska 0.35 0.75 
rt. 0.50 0.85 749 On Panel Flutter—Y. C. F 0.75 1.20 
The Bio-Mechanical Analyses of Surviv- 750 The Research Airplane Dest, , nN and 
able-Type Aircraft Accidents as a Factor Future—W. C. Williams and H. M. 
in Improving Safety—A. Howard Has- Drake 0.35 0.75 
rook. 0.35 0.75 751 Airline Technical Requirements Planning— 
Flutter of Rectangular Simply Supported Ray D. Kelly. 0.35 0.75 
Panels at High Supersonic Speeds— 752 New Sonic Test Environments & Facili- 
John M. Hedgepeth. 0.35 0.75 ties—K. R. Jackman. no charge 


Order by number from: Preprint Dept., IAS, 2 E. 64th St., New York 21, N.Y. 
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Aeronautica 


| Reviews 


AERONAUTICS, GENERAL 

V Comptes Rendus des Journées Internationales 
‘de Sciences Aeronautiques, 27-29 mai 1957, 
Paris (Proceedings of the International Meeting 
on the Aeronautical Sciences, May 27-29, 1957, 
Paris). Part 1. Paris, Office National d’Etudes 
et de Recherches Aéronautiques (ONERA), 

July, 1957. 162 pp., illus., figs. 
Contents: Introduction, Maurice Roy. The 
Role ot Dynamic Techniques in the Design and 
Development of High Speed Aircraft, R. Richard 


Heppe Inlet-Engine Matching and Control 
Systems for Supersonic Airplanes, Carl F 
Schueller. Interaction de l’écoulement externe et 


de l’écoulement interne a la sorti d’un réacteur, 
aux vitesses transsoniques et supersoniques 
(Interaction between External and _ Internal 
Flow at the Exit of a Jet Engine at Transonic and 
Supersonic Speeds), P. Carriére. Inlet Flow 
Distortion Index, J. S. Alford. Automatic 
Control of Aircraft, Joseph Bicknell, E. Eugene 
Larabee, Robert C. Seamans, Jr., and H. Philip 
Whitaker. Schwingungen in Verdichtern (Oscil- 
lations in Compressors), H. S6hngen and A. W 
Quick Some Design Problems in_ Inertia 
Navigation, W. Cawood. 

1957 First Award Papers; IAS Student Branch 
Paper Competitior. New York, Minta Martin 
Aeronautical Student Fund, Institute of the 
Aeronautical Sciences, 1957. 125 pp., illus., 
diagrs 

The papers presented in this third annual 
edition of the prize-winning contributions of IAS 
Student Members were prepared and delivered 
at eight IAS regional conferences held in the 
spring of this year. Each paper was judged a 
first-place winner by a board of judges and was 
published by the IAS as a means of providing 
additional encouragement and incentive to the 
engineering student and assisting him in defining 
his own professional goals, 

Contents: An Experimental Method for Deter- 
mining the Critical Load of a Column Loaded 
Axially in the Elastic Range, Robert L. Balch, Jr. 
An Experimental Determination of the Effects of 
Slotted Blades in Cascade Flow and Possible 
Application to Delay of Rotating Stall in Axial 
Flow Compressors, David L. Clingman. A 
Comparison of External and Internal Compression 
Inlets with Respect to Pressure Recovery, Gary 
Griffith Determination of Pressure Drag on 
Bodies of Revolution in Transient Flight, 
Samuel J. Harris, III. An Investigation of the 
Modified Newtonian Type Flow over a Flat 
Plate, Francis Wendell Johnson. The Design and 
Laboratory Evaluation of an Acceleration In- 
sensitive Skin Friction Balance, W. Carson 
Lyons, Jr. The Interaction of the Reflected 
Shock Wave with the After-Flow Boundary 
Layer, Herman Mark. The Development of 
Vacuum Plated Thin Metallic Heaters for the 
Simulation of Aerodynamic Loads and Structure 
Heating, William D. Oliver. Heat Transfer in 
the Turbulent Boundary Layer with Variable 
Wall Temperature, W. C. Reynolds. A Con 
sideration of Stall Flutter in Axial-Flow Com- 
pressor Blades, James E. Wallace. A Mechanical 
Analogy to Fluid Flow along a Curved Path, 
John P. Wenzelberger. Anthropometric Con- 


tourometry, A. L. Wittwer. 


For Information on [AS 
Library Services, 
see page 91 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 
pressions and not necessarily 
those of the Institute. 


Flight To-Day. 
4th Ed. 
Press, 
$1.55. 

The purpose of this volume is to furnish the 
general reader and the student of aeronautics 
with an introduction to the art of flying, the 
types of aircraft in service today, and the technical 
factors involved in both civil and military 
flying. An appendix of famous flights dating 
from the late 1700’s to the present is included at 
the end of the text. 


J. L. Naylor and E. Ower. 
London, New York, Oxford University 
1957. 184 pp., illus., diagrs., tables. 


AIR TRANSPORTATION 


New York’s Overseas Air Travelers; Report 
of a Survey Conducted in Collaboration with the 
Overseas Scheduled Aijirlines—April through 
October 1956. New York, Forecast and Analysis 
Division, Aviation Department, The Port of 
New York Authority. July, 1957. 132 pp., 
diagrs., tables. 


CLIMATOLOGY 


The Climate Near the Ground. Rudolf 
Geiger. 2nd Rev. Ed. Translated from the 

“German by Milroy N. Stewart and others. 
Cambridge, Mass., Harvard University Press, 
1957. 494 pp., illus., diagrs., tables. $6.00. 

This is a second printing of an edition that was 
originally published in translation in 1950. The 
text has been thoroughly revised and expanded to 
present the results of the many advances made in 
this field in the past 20 years, and the numbered 
references cited in the original text have been 
increased by an additional 500 papers and books 
relating to the current status of microclimatology. 


ELECTRONICS 


Transistor Circuit Engineering. Edited by 
Richard F. Shea. New York, John Wiley & 
Sons, Inc., 1957. 468 pp., diagrs., tables. $12. 

Written by nine members of the General 
Electric Company staff, this work on basic 
transistor theory and its application to typical 
circuits provides the necessary tools for doing 
actual circuit design and developing usable 
circuits in all potential fields of application. 
The reader is shown how to build workable audio 
amplifiers, radio frequency amplifiers, etc., 
using available transistors, and how to combine 
these elements into radio receivers, television 
sets, and high-fidelity audio systems. The 


twelve chapters of text are devoted to character- 
istics and 
circuits; 


characteristic curves; 
bias and its stabilization; 
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» Fasteners Handbook. 


plifiers; d.c. amplifiers and their applications; 
tuned amplifiers; video amplifiers; 
modulation, mixing, and detection; 


oscillators; 
transient 


circuits. 


response and pulse circuits; systems; and special Uxé 
/ 


Diego, Calif.,}U.S. Navy Electronics Laboratory, 
1954. Washington, Distributed by OTS. 200 
pp., illus., diagrs., tables. $3.00. (PB 121839). 

Intended to serve as a medium through which 
information on new materials, processes, and 
techniques as well as design aids and reliability 
can be disseminated, this handbook has been 
issued by the NEL as a first step toward achieving 
greater simplicity, economy, and reliability in 
electronics equipment developed for the Navy. 
Although it is primarily designed for use by the 
engineers, scientists, and mechanics of the NEL, 
much of the information contained in these 
pages will be of value to other Government 
laboratories and to contractors. The basic book 
will be enlarged and kept up to date by means of 
loose-leaf insertion sheets, which will be distrib- 
uted to subscribers at frequent intervals. In 
addition to NEL-originated material, the hand- 
book will also contain current reliability and 
standardization data from the Bureau of Ships, 
other Government organizations, and  con- 
tractors. Digests of important reliability findings 
and proposed design standards will appear 
regularly. 


NEL Design Handbook. San 


MACHINE ELEMENTS 


Julius / Soled. New 
York, Reinhold Publishing Corporation, 1957. 
430 pp., illus., diagrs., tables. $12.50 

More than 300 standard and _ proprietary 
industrial fasteners are described in this reference 
volume including rivets, inserts, screws, bolts, 
studs, nuts, washers, retaining rings, pins, nails, 
metal stiching, quick release fasteners, masonry 
anchoring devices, and hose clamps. Each 
item, verified by the listed manufacturer, is 
given a full-page description that contains 
illustrations, features, uses, standard materials, 
standard sizes, and pertinent comments. Addi- 
tionally, the author, design engineer for the 
Signal Corps Engineering Laboratories, points 
out money-saving applications by relating the use 
of fasteners in one industry to those of another. 

The book closes with a Directory of Fastener 
Manufacturers, which includes manufacturers 
and licensees of fasteners referred to in the text, 
plus those manufacturers of fasteners whose 
names were available from trade associations. 
Only those in the United States and Canada 
have been considered. 


MAGNETOHYDRODYNAMICS 


Symposium. 
Stanford, 
115 pp., 


/Magnetohydrodynamics : A 
Edited by Rolf K. M. /Landshoff. 
Calif., Stanford University Press, 1957. 
illus., diagrs., tables. $4.00. 

The increasing interest in the fusion of two 
disciplines—gas dynamics and electromagnetic 
theory—which has resulted in a new branch of 
physical science, magnetohydrodynamics, led 
the Lockheed Missile Systems Division to sponsor 
a Magnetohydrodynamics Symposium in its new 
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Cruising at 580 mph, 35,000 to 40,000 feet in the stratosphere, the 
Douglas DC-8 will cross continents and oceans in approximately 
half the time previously needed. More than one hundred of these 
jet airliners are already on order, leading the way to a new age 
of commercial air travel. 


During the past five years the CWT — the Southern California 
Cooperative Wind Tunnel — has performed many tests of the DC-8, 
totaling now some 1600 hours of tunnel time. CWT facilities and 
experience have made important contributions to the design and 
development of this new jet transport. 


The CWT has been responsible for testing many of the nation’s 
most important aircraft and missiles. It serves not only its five 


owner companies, but other leading aircraft firms and government 
agencies. 


If you would like more information regarding 
the CWT’S facilities, or information regarding employment, 
please write us. 


; Operated by the 
CALIFORNIA California Institute of 
COOPERATIVE Technology. Owned 
; by Convair, Douglas, 
Lockheed, McDonnell 
and North American. 


950 S. Raymond Ave., Pasadena, California 


laboratory at Palo Alto, Calif., on December 19, 
1956. This volume, for the most part, follows the 
symposium; however, certain alterations have 
been made in the text, including the replacement 
of preliminary results as first reported by later, 
more complete data. 

Contents: Section 1, Theoretical Work: (1) An 
Introductory Discussion of Magnetohydrody- 
namics, A. R. Kantrowitz and H. E. Petschek. 
(2) Some Dimensional Aspects of Hydromagnetic 
Phenomena, W. M. Elsasser. (3) The Build-Up 
of Large Magnetic Fields Inside Stars, F. Hoyle. 
(4) Penetration of a Shock Wave into a Magnetic 
Field. J. M. Burgers. (5) Dynamics of a Pinched 
Gas, M. Rosenbluth. Section 2, Labor atory 
Experiments: (6) Scaling Laws as an Aid to 
Experimental Studies, R. K. M. Landshoff 
(7) Magnetically Driven Shock Waves (a) 
Experiments at U.S. Naval Research Laboratory, 
A. C. Kolb; (b) Experiments at Lockheed Missile 
Systems Division, S$. W. Kash; (c) Experiments 
at AVCO, H. E. Petscheck. (8) Shock Waves 
Passing Through a Magnetic Field Region, A 
Kantrowitz. (9) Liquid Sodium Instability 
Experiment, S. A. Colgate. (10) The Hydro- 
magnetic Wave Guide, W. A. Newcomb 


MANPOWER 


The Demand and Supply of Scientific Personnel. 
David M. Blank and George J. Stigler. New 
York, National Bureau of Economic Research, 
Inc., 1957. 200 pp., diagrs., tables. $4.00 

Conducted under a grant from the National 
Science Foundation, this analysis of the factors 
affecting the technological profession in the 
United States since the turn of the century 
attempts to explain the methods by which one 
can explain movements in the supply and demand 
for scientific personnel. David M. Blank is 
Associate Economic Advisor, Columbia Broad- 
casting System, while George J. Stigler is a 
member of the research staff at the National 
Bureau of Economic Research and Professor of 
Economics, Columbia University. 

Contents: 1, A General View of the Technological 
Professions (1) The Growth of the Technologi- 
cal Professions (2) What Is an Engineer? 
(3) The Growth of Organized Research 2, 
Demand and Supply: Methods of Analysis 
(1) Has There Been a Shortage? A Survey of 
Earnings (2) The Bureau of Labor Statistics 
Method of Prediction of Demand (3) The 
Engineers Joint Council Method of Prediction of 
Demand. 3, Factors Influencing the Demand for 
Engineers and Chemists. (1) Industrial Patterns 
in the Use of Engineers and Chemists. (2) The 
Role of Government. (3) The Upward Trend of 
Demand (4) Short-Run Changes in Demand. 
(5) The Gross vs. Net Demand for Engineers. 
4, The Supply of Engineers. (1) College-Trained 
Engineers. (2) Graduate Degrees in Engineering. 
(3) The Distribution of Bachelor’s Degrees by 
Field. (4) Other College-Trained Entrants into 
the Engineering Profession. (5) Limitations 
on the Supply of College-Trained Engineers. 
(6) Nongraduate Engineers. 5, Supply and 
Demand for Mathematicians and Physicists 
(1) Demand Factors: (a) Faculty-Student 
Ratios; (b) The Trend of College Enrollments. 
(2) The Supply of Mathematicians and Physicists. 
Appendix: A, Engineering Earnings; B, Census 
Data on Number of Engineers and Chemists, 
1890-1950; C, Tables on Engineering Enroll- 
ments and Degrees; D, Projections of the Number 
of Engineering Degrees to 1970; E, Reconciliation 
of 1940 and 1950 Census Counts of Engineers; 
F, Tables on Years of School Completed for 
Engineers, 1940, and Age and Years of School 
Completed for Engineers and Scientists, 1950; 
G, Analysis of Rates and Transfer Out of the 
Engineering Profession for Engineers with 
Varying Years of Experience; H, The Engineers 
Joint Council Surveys; I, Advertisements for 
Engineers. Index. 

Professional Engineers’ Income and Salary 
Survey, 1956. Washington, National Society 
of Professional Engineers, 1957. 44 pp., diagrs., 
tables. $1.00. 
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Contents: Introduction. How the Survey Was 
Conducted; Who Were Surveyed: (A) Geographic 
Distribution; (B) Year of Entry into the Profes- 
sion; (C) For Whom Did They Work in 1956; 
(D) Branch of Engineering; (E) What Kind of 
Work Did They Do; How Much Did They Earn 
in 1956: (A) Over-Ail Earnings in 1956; (B) 
Earnings by Years of Experience; (C) Earnings 
by Branch; (D) Earnings by Field of Employment 
and Employment Status; (E) Earnings by Type 
of Work Performed; (F) Earnings According to 
Grade; (G) Regional Variations. Trends Since 
1952. Appendix Tables. The Questionnaire. 


MATERIALS 


Proceedings of the American Society for 
Testing Materials, Vol. 56, 1956. Philadelphia, 
AS.T.M., 1957. 1,498 pp., illus., diagrs., 
tables. $12. 

In addition to summaries of various ASTM 
meetings throughout the year, the 1956 volume 
contains the reports of committees charged with 
studying ferrous and nonferrous metals, cementi- 
tious, ceramic, concrete, and masonry materials, 
and materials of a miscellaneous nature. All 
technical papers accepted by the Society appear in 
the Proceedings, including those which have been 
published in the ASTM Bulletin or as Special 
Technical Publications. In addition, all separate 
publications not included in either the Proceedings 
or the ASTM Bulletin are listed on the last 
page of the volume. 

Boron and its Isotopes. Compiled for the U.S. 
Atomic Energy Commission. Niagara Falls, 
N.Y., Hooker Electrochemical Company, June, 
1957. 11 pp., diagrs. 

The data supplied give the physical, chemical, 
and nuclear properties of boron and its isotopes 
as well as the availability and prices of boron 
and boron compounds enriched in B. 

Glass Reinforced Plastics. Edited by Phillip 
Morgan. 2nd Ed. London, Iliffe & Sons, 
Ltd.; New York, Philosophical Library, 1957 
276 pp., illus., diagrs., tables. $15. 

The text of this new edition of a book which 
first appeared in 1954 has been thoroughly 
revised and rewritten where necessary. Three of 
the chapters are new; in these, epoxide resins, 
the resin injection moulding process, and chemical 
plant applications are discussed. An appendix 
has been added which briefly describes a method 
of examining design detail by means of structural 
models. The techniques included are the standard 
commercial production methods, and the major 
fields of application are the automobile, aircraft, 
electrical uses, and the chemical plant 

Contents: (1) Glass Fibre Forms and Proper- 
ties, K. J. Brookfield. (2) The Chemistry of 
Unsaturated Polyester and Alkyl Resins, C. P. 
Vale. (3) Polyester Types and Properties, E. M. 
Evans. (4) Ancillaries for Polyesters, Brian 
Parkyn. (5) Glass Fibres with Phenolic Resins, 
N. W. Knewstubb. (6) Silicone, Melamine, and 
Furane Resins, H. A. Collinson and R. Me- 
Dowall. (7) Epoxide Resins, W. J. Marmion. 
(8) Commercial Moulding Processes, G. C. 
Hulbert. (9) Methods of Mass Production, A. E. 
Dean. (10) Continuous Resin Injection for 
Glass Fibre Moulding, J. Rees. (11) Tube and 
Rod Production, A. R. Henning and B. G. Cuming. 
(12) Design and Properties of Structures, 
Lorne Welch. (13) Glass Reinforced Plastics in 
the Aircraft Industry, Richard Wood. (14) 
Glass Fibre Laminates in the Electrical Field, 
J. K. Hyde. (15) Automobile Bodywork and 
Other Transport Applications, Richard Wood. 
(16) Polyester/Glass Boat Hulls, P. D. de 
Laszlo. (17) Chemical Engineering Applications, 
_V. Evans. (18) Miscellaneous Applications, 


at 
Patrick Moxey. Appendix: Structural Models, 


Peter H. H. Bishop. Subject Index. 

Polyethylene. Theodore O. J. [ Kresser. 
(Reinhold Plastics Applications Series, Vol. 1.) 
New York, Reinhold Publishing Corporation, 
1957, 217 pp., illus., diagrs., tables. $4.95. 

The present volume is the first of a series 
stressing the applications of the various types of 
commercial materials of the plastics industry. 
Mr. Kresser concerns himself with the applications 
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Aeronautical 
THROAT SPECIALISTS 


poked holes in our windtunnel... 


.. . and thus accomplished another basic Cornell contribution to the 
aeronautical sciences. The idea of perforated-throat test sections was 
conceived six years ago as part of a self-sponsored CAL research program. 
Our first experimental model minimized the shock interference in the 
low supersonic range and pointed the way to realistic wind tunnel tests 
in the transonic region. Subsequent test sections ranging in size up to 
3 by 4 feet have been operated for the past five years. 


The majority of U.S. missiles and many currently operational fighter 
aircraft have been tested in our ever-improving facilities. The present 
CAL 8-foot Transonic Wind Tunnel, just completed, promises to yield 
even more answers to the pressing questions raised by this era of 
high speed flight. 


The CAL staff of 1200 is also performing research in many other areas — 
variable stability aircraft, wing-body interference, flutter, and hyper- 
sonics, to name a few. Fulfilling the demands of original work is a habit 
at CAL. If you are interested in learning more about the work we do, 
or the possibilities of joining our staff, we invite your immediate inquiry. 
We have prepared a factual, well-illustrated, 68-page report which will 
be sent — free of charge — at your request. 


CORNELL AERONAUTICAL 
LABORATORY, INC. 


4 FREE of Cornell University 
REPORT 


W. A. Diefenbach 

| CORNELL AERONAUTICAL LABORATORY, INC. | 
Buffalo 21, New York 

| Please send me a copy of ‘‘A Decade of Research.” | 

| Name | 
Street 

| City Zone State i 

{_] Please include employment information 
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of polyethylene, how it is produced, how it is 
made into useful articles, and why this thermo- 
plastic is particularly suited to many applications. 
The book also includes a brief history of the 
plastics industry, with special emphasis on the 
development and future of polyethylene 


MATHEMATICS 


Set Theory. Felix (Hausdorff. 
Translated from the German by John R. Aumann, 


et al. New York, Chelsea Publishing Company, 


1957. 352 pp., diagrs. $6.00. 

Contents: (1) Sets and the Combining of 
Sets. (2) Cardinal Numbers. (3) Order Types. 
(4) Ordinal Numbers. (5) Systems of Sets. 
(6) Point Sets. (7) Point Sets and Ordinal 
Numbers. (8) Mappings of Two Spaces. 
(9) Real Functions. (10) Supplement. Appen- 
dixes. Bibliography. Further References. Index 

Basic Mathematics for Radio and Electronics. 
F. M. Colebrook and J. W. Head. 3rd Ed. 
London, Iliffe & Sons, Ltd.; New York, Philo- 
sophical Library, 1957. 359 pp., diagrs. $6.00. 

The chief aim of both the original and the 
revised parts of this book is to assist those people 
interested in radio or electronic engineering who 
find themselves handicapped by their lack of 
mathematical knowledge. The authors have 
selected in each branch of the subject under 
discussion those elementary but fundamental 
ideas of differential and integral calculus and of 
vector algebra which have proved to be of practical 
importance in radio work. The first seven 
chapters have been retained in their entirety; 
Chapters 8 and 9, which were contributed by Mr. 
Head, contain new matter not appearing in the 
original text. 

Contents; +(1) Elementary Algebra: The 
Fundamental Ideas. (2) Indices and Logarithms. 
(4) Con- 
(5) Geometry and 
Trigonometry. (6) The Differential and Integral 
Calculus. (7) The Application of Mathematical 
Ideas to Radio (8) Heaviside’s Technique 
for More Difficult Electrical Problems. (9) 
Miscellaneous Techniques. Appendix: Answers 
to Examples. Index. 


(3) Equations: Complex Numbers 
tinuity: Limits: Series 


NUCLEAR ENERGY 


Nuclear Engineering. Edited by Charles F. 
| Bonilla. New York, McGraw-Hill Book 
“Company, Inc., 1957. 850 pp., illus., diagrs., 
tables. $12.50. 

Written by twelve authorities in various fields 
of engineering and science, this reference work 
discusses the basic principles of the main engi- 
neering disciplines involved in the design of 
nuclear reactor cores and power plants. In 
each of the twelve fields, the fundamentals are 
given briefly and clearly, with enough illustrations 
and advanced specific analysis so that the book is 
valuable to the working design engineer as well 
as to the student. Intended as a text for a 
graduate course for engineers and physics 
majors, it contains extensive information on the 
subjects of fluid flow, heat transfer, stress analysis, 
power cycles, mathematical analysis of plastic 
flow in thermal stress, design of orifices for 
protection of parallel coolant channels, and 
relative evaluation of fuel element shapes and 
coolants. The editor is Professor of Chemical 
Engineering and Chairman, Nuclear Engineering 
Committee, Columbia University. 

Contents: (1) Introduction. 
Particles (3) Nuclear Physics. 


(2) Nuclear 
(4) Particle 
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Detection (5) Basie Concepts of Radiation 
Protection (6) Elementary Reactor Physics. 
(7) Shielding of Power Reactors. (8) The Flow 
of Fluids. (9) Heat Removal. (10) Metallurgy 
of Uranium and Uranium Alloys. (11) Thermal- 
Stress Analysis and Mechanical Design. (12) 
Instrumentation and Control (13) Power 
Generation. (14) Nuclear-Reactor Types. (15) 
Legal Aspects of Nuclear Power. Appendixes 
Index. 

Radiation Shielding. B T.[Price, C. C. Horton, 
and K. T. Spinney (International Series of 
Monographs on Nuclear Energy: Division 10, 
Reactor Design Physics, Vol. 2.) London; 
New York, Pergamon Press, 1957. 350 pp., 
diagrs., tables. $10 

Stressing the physical principles underlying the 
engineering design of a reactor shield, this text 
book treatment of radiation shielding encompasses 
reactors, betatrons, synchrotrons, and linear 
accelerators; however, the shielding of very high 
energy accelerating machines has been omitted 
The various topics under discussion include the 
biological hazards of nuclear radiations, the 
attenuation of gamma rays and high-energy 
electrons, shielding against neutrons and neutron 
physics, neutron attenuation in thick shields, and 
the shielding of reactors and radioactive materials. 
The text is supported by numerous charts, 
diagrams, tables, and bibliographies. 

The authors are all with the Atomic Energy 
Research Establishment at Harwell. 


PRODUCTION 


Magnesium Casting Technology. A. W. 
Brace and F. A. Allen. London, Chapman & 
Hall, Ltd.; New York, Reinhold Publishing 
Corporation, 1957 174 pp., illus., diagrs., 
tables. $4.95 

The purpose of this volume is to provide 
founders with an understanding of the basic 
principles of magnesium founding under one cover 
which have hitherto been discussed only in 
numerous published and unpublished papers 
An attempt has been made to present objectively 
both British and American practice against a 
background of the more basic chemical and 
physical properties of the metal 

Contents: (1) Introduction. (2) Magnesium 
Casting Alloys. (3) Magnesium Alloy Melting 
Practice (4) Moulding and Core Sands. 
(5) Production of Sand Castings. (6) Gravity 
Die-Casting (7) Pressure Die-Casting (8) 
Heat Treatment of Magnesium Alloy Castings. 
(9) The Inspection of Magnesium Alloy Castings 
and Notes on Common Defects. (10) Surface 
Treatment (11) Applications of Magnesium 
Castings. Classified Bibliography. Index 


PUMPS 


Centrifugal and Axial Flow Pumps; Theory, 
Design, and Application. Alexey J. /Stepanoff 
2nd Ed. New York, John Wiley & Sofis, Inc., 
1957. 462 pp., illus., diagrs., tables. $12 

This second edition is marked by major 
changes and additions which reflect the con- 
siderable progress in the design and application 
of centrifugal pumps since publication of the 
first edition Major changes and additions 
include a new chapter on water-hammer prob- 
lems, new material on centrifugal-jet systems, 
and the introduction of a thermal cavitation 
criterion to correlate pump behavior when 
pumping liquids of different physical and thermal 
properties. A new viscosity correction chart is 


introduced in Chapter 14 covering a wider range 
of pump types. New charts are given in Chapter 
9 relating to impeller design for any discharge 
angle, and a procedure is established to select 
the casing design elements to suit impellers 

Dr. Stepanoff holds numerous patents in the 
centrifugal pump field and has been a develop- 
ment engineer for the Ingersoll-Rand Company 
since 1940 


RESEARCH 


Advisory and Coordinating Mechanisms for 
Federal Research and Development, 1956-57, 
(NSF-13.) Washington, 
Foundation, 1957. 27 pp 

This publication describes the formally 
established committees, panels, boards, and 
councils which cooperate with Federal depart- 
ments and agencies in planning, coordinating, 
and executing programs of scientific research 
and development. The present compilation js 
essentially an elaboration of Appendix C of the 
National Science Foundation’s 1956 report 
entitled Organization of the Federal Government 
for Scientific Activities, and covers procedures not 
treated earlier for reasons of space. In addition, 
further data, somewhat more conveniently 
organized, are provided here on the composition 
and functions of many of the advisory panels 
and committees 


National Science 


ROTATING WING AIRCRAFT 


Helicopter Service for the San Francisco Bay 
Area. San Francisco, Bay Area Aviation Com- 
mittee, San Francisco Bay Area Council, 1957. 
21 pp., map, tables 

A survey disclosing the extent to which 
helicopter facilities are available or can be made 
readily available in the Bay Area. 


STRUCTURES 


\. Thermal Stresses: With Application to Air- 


planes, Missiles, Turbines, and Nuclear Re- 
actors. B. E./Gatewood. New York, McGraw- 
Hill Book Company, Inc., 1957. $7.50 

Based on a course in thermal stresses given by 
the author to graduate aeronautical engineering 
students at the Institute of Technology, USAF, 
this book represents an attempt to give basic 
information for the task of solving problems 
involving temperature, thermal stresses, and 
material properties brought about by the advent 
of supersonic speeds for airplanes and missiles. 
The mathematical procedures used in the first 
eight chapters do not go beyond elementary 
partial differential equations. Chapter 9, which 
describes general procedures for solving thermal- 
stress equations in two dimensions, requires some 
knowledge of the theory of complex variables 
and of energy methods as used in structural 
analysis. Professor Gatewood, who is Research 
Coordinator at the Institute of Technology, 
USAF, has not restricted his book to the classical 
thermal-stress problem of finding the elastic 
thermal stresses for a given temperature distribu- 
tion in a structure with no blocking, but touches 
on all phases of the structural design problem— 
the temperature distribution; the elastic and 
inelastic thermal stresses in various structures; 
the combined elastic and inelastic applied and 
thermal stresses; the allowable stresses for 
various material and loading conditions; the 
buckling, deflection, stiffmess, fatigue, shock, 
and flutter effects of elevated temperatures 


IAS services. 


bers and nonmembers. 


sired, from the Special Publications Dept. 


1AS SCRIP COUPONS 


IAS SCRIP COUPONS may now be used as payment for preprints, dues, subscriptions, and all other 
This method will save you from writing checks, sending money orders or cash. 
Sheets of 5- and 25-cent coupons are available in book form of $5, $10, $25, or any amount de- 
Scrip may be ordered by foreign and domestic mem- 
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AERONAUTICAL ENGINEERING REVIEW—NOVEMBER, 


STRUCTURES ANALYSIS 
ENGINEERS 


Interesting missile and airframe 
prime contracts have created Senior 
level positions in Structures Analy- 
sis. Assignments are in Structural 
Methods, Structural Loads, and 
Structural Analysis groups. Appli- 
cable degree and 3-5 years direct 
experience required. 


DYNAMICS ENGINEERS 
Senior Engineering openings as well 


as Supervisory positions are avail- 
able for qualified Dynamic Analysis 
and Dynamic Methods Engineers. 
Included are assignments in such 
areas as Theoretical Flutter Analy- 
sis, Supersonic Oscillating Aero- 
dynamic Theory, Vibration Theory 
and Thermal Effects of Structures. 
ELECTRONICS DESIGN 
ENGINEERS 

Missile and aircraft prime contracts 
require extensive expansion of our 
electronics systems design and 


AIRCRAFT CORPORATION Dal/as, Texas 


analysis sections. Experience pre- 
ferred in transistor applications, 
pulse and video circuits, servo- 
mechanisms, general circuit design, 
guidance and radar systems analy- 
sis, audio circuits, electro-optical 
tranducers, microwave components 
design, radome design and antenna 
design. 


Box 6191, Dallas, Texas 


1957 


EXPERIMENTAL LABORATORY 


ENGINEERS 

High-temperature structures, en- 
vironmental, servo, hydraulics, and 
instrumentation groups are but a 
few of the laboratory areas offering 
interesting and rewarding assign- 
ments on both missile and airframe 
prime programs. Senior Engineers 
and Engineer positions open. 


MR. JOE RUSSELL, Engineering Personnel 
Dep't 170-A, Room 10, Temco Aircraft Corp., 


Please send me complete details of the Temco story of unusual 
opportunities for creative engineers. | am especially interested in 


NAME 


ADDRESS 


CITY 


STATE 
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AERONAUTICAL ENGINEERING REVIEW—NOVEMBER, 1957 


The Role of 
PRODUCT ENGINEERING 
in Systems Work 


It has become characteristic of modern weapons systems 
that they are required to operate under severe environ- 
mental conditions, as well as to meet stringent weight and 
space limitations. Moreover, the complexity of many of 
these systems poses additional difficult reliability prob- 
lems, while at the same time the increasingly critical 
consequences that depend on the proper functioning of 
the typical system logically call for a higher degree of 
reliability than previously achieved. The same is true of 
certain electronic systems for industrial applications, 
such as the Ramo-Wooldridge digital control computer, 
some of whose design features are shown above. 
Meeting all of these requirements is in large part the 
responsibility of product engineering. Generally speak- 


ing, product engineering starts with a system or sub- 
system at the breadboard stage and transforms it into 
the final product, which in addition to meeting all of 
the requirements previously stated, must be practical to 
manufacture and to maintain. Such creative productiz- 
ing requires the development of ingenious mechanical 
design features, a thorough knowledge of circuit design 
and component reliability, and a broad familiarity with 
materials and manufacturing processes. 

At Ramo-Wooldridge, the product engineer is an 
essential member of the research and development team 
which has the full responsibility for creating new sys- 
tems, from the initial theoretical studies on into the 
manufacturing stage. Engineers experienced in product 
engineering are invited to explore the variety of open- 
ings which exist at Ramo-Wooldridge in such fields as 
airborne electronic and control systems, communica- 
tions and navigation systems, digital computers and 
control systems, and electronic instrumentation and test 
equipment. 


The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET * LOS ANGELES 45, CALIFORNIA 
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Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and eli- 
gible organizations offering employment to Aeronautical specialists. AAny member or eligible 
organization may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Engineers—Fairchild Engine Division of the 


Fairchild Engine and Airplane Corporation, 
Deer Park, Long Island, N.Y. Diversified engi- 
neering positions are available involving engine re- 
search, design, design aad performance analysis, 
test engineering, compressor and turbine design, 
control systems, and other engineering operations 
associated with the general field of design and de- 
velopment of gas-turbine power plants. These 
opportunities result from expanded programs in a 
new plant and Gas Turbine Laboratory. Send 
résumé to Felix Gardner, Fairchild Engine Divi- 
sion, Deer Park, Long Isiand, N.Y. 

Research Librarian—To supervise abstracting 
and cataloging for a large and a diverse applied 
research laboratory. Should hold a science de- 
gree (preferably Physics) and have experience in 
processing technical reports. Salary $7,000 or 
more, depending upon qualifications. Please 
send application or request for further informa- 
tion to J. Q. Swannie, Cornell Aeronautical 
Laboratory, Inc., Buffalo 21, N.Y. 

828. Structures Engineer—Midwest fastener 
manufacturer has opening for structures engineer 
experienced in aircraft fastener design and usage. 
Position is technical assistant to vice-president of 
research. State complete background in reply. 

823. Teaching Position—Open at the instruc- 
tor or assistant professor level in the Aero- 
nautical Engineering Department of a southern 
Ohio university. Work is at both graduate and 
undergraduate levels in thermodynamics and 
aircraft propulsion systems. Opportunity for 
outside research and to pursue graduate work. 
Advanced degree preferred. Please submit 
qualifications and send photograph 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sci 


which inquiries should be addressed. 


to 


Available 


830. Engineer--Human Factors. Age 38. 
B.A., New York University, Pre-Med, Psychology 
Major. Certificate—aero. design, Academy of 
Aeronautics. Recent experience in on-the-scene 
accident investigation, both military and civil. 
Analysis and evaluation of crash injury data 
qualitatively and statistically. Preparation and 
editing of project reports, studies, and releases 
Six years in automatic controls design and sales. 
Prefers employment in basic or applied human 
factors research area. Salary open. 
request. 


Résumé on 


829. Engineer—Manager— Aeronautical En- 
gineer with 20 years’ experience in positions of in- 
creasing responsibility in military and civilian 
aircraft, rocket engines, electromechanical con- 
trol, and computing equipment and missile com- 
ponents. Recent assignments include manage- 
ment of an electromechanical development de- 
partment and a complete production facility em- 
ploying 800 people. Desires responsible position 
at the plant or department level. Can make sig- 
nificant contributions to the management of a 


small company or to the development effort of a 
larger firm through application of broad ex- 
perience in the areas of cost control and industrial 
relations along with technical ingenuity. Salary 
open. 

827. Advanced Design Specialists—Three 
engineers with experience in air-frame design, de- 
sign criteria, loads methods, stress analysis, com- 
posite analysis, and aerothermoelasticity desire 
research and development assignments relating to 
missiles evaluation studies, structural optimiza- 
tion studies, dynamic and static load studies, 
mechanical and packing problems. We are cur- 
rently associated with a large strength and dy- 
namics department but desire assignments on a 
part-time basis in or near Los Angeles area. 

826. Graduate Aeronautical Engineer and 
Engineer of Mines (basic E.M. degree) with last 
18 years’ employment in Washington, D.C., area. 
Desires new connectivn in aeronautical field. 
Preponderance of experience has been in indus- 
trial mobilization planning, surplus aeronautical 
property disposal, strategic and critical materials 
analyses, proauction schedules and statistics of 
the aircraft industry, and plant security. Well 
qualified for position as manufacturer's repre- 
sentative in District of Columbia and/or eastern 
United States. 

825. Pilot—-Aeronautical Engineer—Age 26. 
Leaving Air Force in December; desires position 
leading to or utilizing backgrounds in flight test, 
sales engineering, or another field. Prefers 
flying but will consider any position. Com- 
mercial license, flight imstructor, single- and 
multiengine land, instrument, ATR written exams 
passed. Rated DC-3 Lockheed Constellation. 
2,800 hours, 1,400 four-engine, 220 weather. Ex- 
perience in Air Force Air Early Warning and Con- 
trol radar operations. Résumé on request. 


PUBLICATIONS AND SERVICES available to IAS members 


Engineering Research Libraries. Located in 
New York City and Los Angeles, [AS Libraries 
give you direct access to one of the most compre- 
hensive stores of aeronautical knowledge in the 
world. Reports, periodicals, and books are made 
available through its lending, photocopy, and 
reference facilities. 


“Aeronautical Engineering Catalog.” This 
annual directory to the manufacturers of aircraft 
and missile products is available to [AS Members 
without charge on request. Contains over 35,000 


For information on these and other IAS services, write to: 


INSTITUTE OF THE AERONAUTICAL SCIENCES © 2 E. 64th St., New York 21, N.Y. 


manufacturers listings, product specifications and 
data, and company names and addresses. 


Personnel Opportunities. This contact service 
publicizes your availability for employment 
throughout all branches of the industry. Mem- 
bers may be listed without charge. Also keeps 
you posted on openings in the industry. 
IAS Roster of Members. This directory of the 
aeronautical engineering profession appears each 
year in the September issue of the AERONAUTICAL 
ENGINEERING REVIEW. Enables you to locate 
your professional associates. 


16] 


= 
* 
| 
= 
4 
| 
. 
| 
4 


Index to Advertisers 
Aeronautical Engineering 139, 144 Kaman Aircraft Corp., The... 
American Brake Shoe Co... 75 &WKearfott Co., Inc... .. 
American Machine & Foundry Co... 28 90 
*Amphenol Electronics 
Boeing Airplane Co..............+.+.- Inside Back Cover 
*Chain Belt Co., Shafer Aircraft Bearing Div................. 22 
CONVAIR, A Div. of General Dynamics Corp.......... Back Cover 
Cornell Aeronautical Laboratory, 157 
New Departure Div., General Motors Corp................. 135 
* Electrical Engineering & Mfg. Corp.............0.eeeeeeee08 26 
Radio Corp. of America 
Defense Electronic Products 137 
‘oote Bros. Gear & Machine 127 Robr Airceaft saad 
Garrett Corp., The, AiResearch Mfg. 
General Electric Co., Light Military Electronic Equipment Scintilla Div., Bendix Aviation Corp...... 125 
General Motors Corp. . Southern California Cooperative Wind Tunnel.............. 156 
Harrison Radiator Div 89 * Sperry Gyroscope Co. Div., Sperry Rand Corp............... 123 
B. F. Goodrich Co., The 73 14 
Goodyear Tire & Rubber Co 1 Surface Combustion Corp., Janitrol Aircraft- 
Harrison Radiator Div., Generol Motors Corp.............. 89 
International Business Machines Corp...................665 117 Arthur Tickle Engineering Works, Inc................00000+ 
Johns Hopkins University, The 
*Johns-Manville. 124 Westinghouse Electric Corp., X-ray Dept... 8 
%* Specifications and further information on the aircraft 
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\ 
\\\ NAL TICAL \ The only publication devoted exclusively to the aircraft industry, this 
AFRO . CATALOG serves as a valuable buyers’ and reference guide to sources and 
specifications on aircraft and missile parts and materials. It is distributed 
annually to Chief Engineers, Designers, Production Heads, and Purchasing 
Lo Departments of all leading Aircraft, Aircraft Engine, and Aircraft Parts 
Manufacturers; Air Transport Companies; Governmental Agencies; Re- 
search Organizations; etc. 


Published Annually by 
INSTITUTE OF THE AERONAUTICAL SCIENCES 
2 East 64th Street 


New York 21, N.Y. 
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New Products and 
Product Literature 
of interest to IAS members 
VVVYV 


POSITION, 


AIRCRAFT & MISSILE MATERIALS & PROCESSES 


Boral for Neutron Shielding. 4-page folder describes boral, its composition, 
uses, and shielding properties. Brooks & Perkins, Inc., 1950 W. Fort St., 
Detroit 16, Mich. 

“Chemloy’’ Bearing Material. For dry bearing applications at temperatures 
up to 500°F.; claimed excellent for applications subject to impact; will not 
permanently deform because of shock. Crane Packing Co., Dept. ARN, 

; 6400 Oakton St., Morton Grove, III. 

mm) Advanced Powder Metallurgy. 12-page booklet ‘‘Precision Sintered Metal 

a Parts’ describes powder metal parts. Dixon Sintaloy Inc., 535 Hope St., 

Stamford, Conn. 

“Teflon’’ 100-X Perfluorocarbon Resin. Approaches the outstanding heat xe- 
sistance of ‘‘Teflon’’ tetrafluoroethylene resins but has a melt viscosity low 
enough to permit extrusion in standard equipment. E. I. Du Pont de Ne- 
mours & Co., Wilmington, Del. 

“Four Square” Silicon Iron. This new doubly oriented magnetic sheet ma- 

| terial is easily magnetized in four directions; designed to increase the ef- 

ficiency of transformers, motors, and generators. General Electric Research 

| Laboratory, Schenectady, N.Y. 

| Stainless Steel Finishing Methods. 18-page catalog covers requirements pe- 

i culiar to stainless steel finishing and how they are best met. R. G. Haskins 

i Co., 2651 W. Harrison St., Chicago 12, IIl. 

“Multimet’’ High-Temperature Alloy. 24-page booklet describes alloy for use 
at high stresses up to 1,500°F. and at moderate stresses up to 2,000°F. 
Haynes Stellite Co., Div. of Union Carbide Corp., 30-20 Thomson Ave., Long 
Island City 1, N.Y. 

7,200-Lb. Titanium Ingots. This new ingot is 32 in. in diameter and is equiva- 
lent in size to a 13,000-Ib. steel ingot; permits larger titanium forgings. Rem- 
Cru Titanium, Inc., Midland, Pa. 

New Epoxide Adhesives Bond Stainless Steel. Claimed to be the first suc- 
cessful adhesives for stainless steel metal-to-metal bonds and for stainless 
steel honeycomb sandwich constructions capable of withstanding continuous 
exposure to temperatures up to 500°F.; write for Special Product Report 
#1020. Rubber & Asbestos Corp., 225 Belleville Ave., Dept. P., Bloomfield, 
N.J. 
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REL 38B Aviation Spark Plug. Follows the concept of the massive electrode 
design recently adopted by the USAF. Champion Spark Plug Co.,900 Upton 
Ave., Toledo 1, Ohio. 

Midget Thermocouple Glands. These units are less than 1!/, in. long by 
1/2 in. hex and provide a positive seal for bare wire thermocouples from 0.005 
microns to 5,000 psi. Conax Corp., 2300 Walden Ave., Buffalo 25, N.Y. 

Nylon Wire Clamps. 4-page folder describes a fast, lightweight way to secure 
wires in aircraft, missile, and electronic assemblies. Dakota Engineering, 
Inc., 6641 Crenshaw Blvd., Los Angeles 43, Calif. 

Mass Air Blower. Designed for use in systems where a constant volume of 
airflow is required at varying altitudes; through use of an induction motor 
and magnetic coupling, the speed of the fan is approximately 1/3 of the motor 
speed at sea level; at higher altitudes as the density of the air decreases, re- 
ducing air resistance to the blades, the speed of the fan increases. Eastern 
Industries, Inc., Hamden, Conn. 


Please send information on the following item 


mentioned in the 
AERONAUTICAL ENGINEERING REVIEW 


STREET .... 


AM 
COMPONY 


USE THESE TEAR-OUT POSTALS TO REQUEST (2 
ADDITIONAL INFORMATION DIRECT FROMTHE 
MANUFACTURERS LISTED IN THIS SECTION c= ~ 
AND FROM ADVERTISERS IN THIS ISSUE <a s 


gineering 


Society) 
2 E. 64th St., New York 21, NY. 


PRODUCT 
INFORMATION 
An Official Publication 
INSTITUTE OF THE 


AERONAUTICAL SCIENCES 


(Aviation’s Professional En 


NOVEMBER, 1957 163 


REQUEST FOR 


. 
2 
z 
; 
e 
. 
. . . 
. 
. . 
. . . 
4 
. . e 
. . 7 
. . 
4 
a 
om 
em 


' 
1 
‘ 


343H 
dwvis 


1d 


is 


33V 1d 


Lightweight Shutoff Valves for Fluids & Gases. These motor-operated units 
provide bubbletight flow contro! through a pressure range of 0 to 1,000 psi at 
temperatures from —65° to +200°F. Hydromatics, Inc., 70 Okner Pkwy., 
Livingston, 

Stainless Steel Shutoff Valve. Motor operated for cryogenic applications 
—320° to +160°F.; handles corrosive fluids and gases; features straight 
through ‘‘Flo-Ball” design. Hydromatics, Inc., Cedar Grove, N.J. 

‘‘Snap-Tite’? Gas Tank Closure. A simple downward snap of the lever as- 
sures a perfect seal each time the tank is opened and closed for refueling, 
Moeller Mfg. Co., Industrial Div., Racine, Wis. 

Engineering Data Folder. Handy file folder describes company’s engineering, 
design, and manufacturing facilities. Moynahan Bronze Co., Flat Rock 2, 
Mich 

‘Nicad’’ Sintered Plate Nickel Cadmium Batteries. Bulletin 501A shows 
characteristics, construction, and discharge curves. Nickel Cadmium Bat. 
tery Corp., Easthampton, Mass. 

Parker O-Ring Handbook 5700. 160 pages incorporate numerous illustra- 
tions, tables, charts, and other data on synthetic rubber O-ring seals, 
Parker Appliance Co., Rubber Products Div., 17325 Euclid Ave., Cleveland 
12, Ohio. 

Slow-Opening Oxygen Cylinder Valve. Reduces-the possibility of oxygen 
accidents by preventing sudden pressure surges when the oxygen system is 
turned on; weighs 25'/; 0z. Scott Aviation Corp., 302 Erie St., Lancaster, 
N.Y 

H-10 Self-Contained Gyro Horizon. This new 8-lb. instrument provides a 
large, 5-in. pictorial display of the position of an aircraft in relation to the 
natural horizon. Sperry Gyroscope Co., Div. of Sperry Rand Corp., Great 
Neck, N.Y. 

Diaphragm TeeJet Nozzle for Airplane Spraying. A manual shutoff assembly 
eliminates the need for removing orifice tips and inserting blanks. Spray- 
ing Systems Co., 3201 Randolph St., Bellwood, III. 

NAS 624-644 Series High-Strength Aircraft Bolts. Technical Bulletin com- 
pares these 12-point external wrenching bolts with fatigue properties of MS 
20004 Series aircraft bolts. Standard Pressed Steel Co., Box 869, Jenkin- 
town, Pa 

100° Flush-Head Aircraft Screws. Feature ‘‘Torq-Set” recess which allows 
maximum tightening without cam-out, burred slots, or broken heads, 
Standard Pressed Steel Co., Jenkintown, Pa. 

Fiberglas-Reinforced Plastic Inserts for Aircraft Galleys. Include tray car- 
riers, ice containers, liquid jugs, storage units of all kinds; both single-wall 
and double-wall (insulated) units are available. Weber Aircraft Corp., 2820 
Ontario St., Burbank, Calif. 

Model 426-001 Missile Flight Programmer. Provides desired variable volt- 
ages versus time outputs to perform various linear and nonlinear functions in 
the planned flight of missiles. Western Design & Mfg. Corp., Santa Barbara 
Airport, Goleta, Calif. 

Flexible Shafts. 14-page bulletin gives basic information and data on a com- 
plete line of shafts for a wide range of remote control, power drive, and cou- 
pling applications. S.S. White Industrial Div., 10 E. 40th St., New York 16, 
N.Y 


“Why ‘the Silver-Zinc Storage Battery?’’ Bulletin describes the rigid tests 
carried out on silver-zinc, lead-acid, and nickel-cadmium batteries. Yard- 
ney Electric Corp., 40-50 Leonard St., New York 13, N.Y. 


ELECTRONIC & ELECTRICAL EQUIPMENT 


Switching Transistor Power Supply. 4-page folder describes 60-watt unit 
regulated against both line and load variations simultaneously. Arnold 
Magnetics Corp., 4613 W. Jefferson Blvd., Los Angeles, Calif. 

Time Delay Relays & Sequence Program Switches. Offers up to six load cir- 
cuits in the repeat-cycle timer and up to five load circuits in the reset-cycle 
unit; developed to meet all the varied requirements of sequence program- 
ing. Automatic Timing & Controls, Inc., King of Prussia, Pa. 

Model 11 SM 460 115-Volt, 400-Cycle High Torque-to-Inertia Servomotor. 
Rated for 200°C. unit temperature, continuous duty operation at stall. 
Beckman/Helipot Corp., Newport Beach, Calif. 

Size 11, 115-Volt, 400-Cycle Servomotor. Has a rotor inertia of 1.3 gm. cm.! 
torque at stall of 0.63 oz.in. and an acceleration at stall of 34,200 rad./sec.® 
Beckman/Helipot Corp., Newport Beach, Calif. 

‘‘Tramp’”’ Transistor Servoamplifier. 4-page brochure covers performance 
characteristics of the 60- and 400-cps units. M. Ten Bosch, Inc., Pleasant- 
ville, N.Y. 

Solderless Multilead Plug-and-Receptacle Connector. Pins and sockets are 
crimped to wire ends by single-stroke manual or high-speed automatic tools; 
speeds wiring of electronic harnesses. Burndy Corp., Norwalk, Conn. 

*§Q”’ Quick-Disconnect Bulletin PR-Q. Describes this new electrical con- 
nector series adaptable for aircraft usage. Cannon Electric Co., 3208 Hum- 
boldt St., Los Angeles 31, Calif. 

Printed Circuit Connector for Computer Application. Claimed to be the long- 
est precision printed circuit connector known; 2-page technical bulletin gives 
specifications. DeJur-Amsco Corp., 45-01 Northern Blvd., Long Island City 
1, N.Y 

Size 11 Motor Tachometer. Model No. SJ}1HLX7-18CC delivers 0.6 volts per 

1,000 r.p.m. with 19 milivolts of total null; measures 2.125in. long Eastern 

Air Devices, Inc., 385 Central Ave., Dover, N.H. 
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units 4CX1000A High-Current Low-Voltage Radial Beam Tetrode. Features high 
= - power gain and a plate dissipation of 1,000 watts; ceramic-metal construc- : = “os 
WY tion. Eitel-McCullough, Inc., San Bruno, Calif. Sly 
tk DPDT Die-Cast Switch. Provides simultaneous, one-way action on two ' as > ~ @ 
sie poles; claimed to be excellent for pulsing electrical control on both pneu- i & Z. re) -* 3 
matic and hydraulic valves and similar installations requiring momentary one- 
Electro Snap Switch & Mfg. Co., 4218 W. Lake St., ‘ 
lie hicago 24, ~ 
eling. Model AT-70 Microwave Power Attenuator. Designed for broad-band power 
attenuation over a range of frequencies from d.c. to 4,000 mc. Empire 
“Transistor Manual.’’ The second edition of this 112-page booklet contains 
basic information on transistors and their use in electronic circuits. General 3s 
Electric Co., Semiconductor Products Dept., Syracuse, N.Y ~ 
DC-103 Binary Time Code Generator. Designed to produce a serial output ' - 
of one synchronizing pulse followed by eight bits of binary coded d.c. tim- fe 
second. G. M. Giannini & Co., Inc., 918 E. Green St., Pasa- & 
eland Model 293M1725 High-Temperature Selenium Rectifier. Weighs only 5.5 &SE Se oe 
vies lbs. and measures 5 by 6 by 6in.; 6-phase, full-wave unit with a rating of 100 Sy a) so 
a is amp., 28 volts; operates at 125°C. International Telephone & Telegraph +06 Se 
satak Corp., Components Div., 100 Kingsland Rd., Clifton, N.J. ' os < — 
, No. 1259 Rotary Selector Switch. This 16-position, single-pole unit is designed ' n 624, ‘os “ee 
to have a minimum operating life of 10,000 double cycles at rated electrical © : 
load with a torque of 11 in.Ibs. maximum. Janco Corp., 3111 Winona Ave., : ae 
Ceramic Relay for Missile & Aircraft Applications. Contacts are in a vacuum < 3 
mbly surrounded by a ceramic enclosure; will operate satisfactorily under severe ‘ 
bray. environmental conditions without contact chatter. Jennings Radio Mfg. : 

y Corp., P.O. Box 1278, San Jose, Calif. jog 
Miniature, Heavy-Duty, Four-Throw Toggle Switch. Built for extreme relia- Zz 
f MS bility to eliminate the need for rewiring and replacements in devices requir- Oo = 
ing unfailing service. Capacity is 20 amp. inductive at 28 VDC for 10,000 be w 

cycles; size 1.8 cu.in.; weighs 2 oz. Mason Electric Corp., 3839 Verdugo : = O 

Pickoff & Sector Potentiometers. For aircraft and missile control systems; : om ” QO z 
bulletin #415 gives specifications and outline drawings. Norden-Ketay 3 uJ 355 43 
mel High Output Voltage, Fluid Damped, Linear Accelerometer. Internal de- £ = i CG @) «osc a 
9390 sign essentially eliminates the effects of crosstolls reducing hysteresis to a 9 & <x 3 
factor. Physical Measurements Corp., 1650 19th St., Santa Mon- Y 2 
ng Miniature Precision Wirewound Resistors. Two models are available for : =< ™ 
tration printed circuits; both are fixed, noninductively wirewound types sealed in 

epoxy resin and suitable for operation in ambients up to 125°C. Shallcross 
com- Mfe. Co., Collingdale, Pa. 

“Klixon’’ Rotary Switch. Has simultaneity within 1'/,° rotation; designed 
16 for aircraft landing gear, engine controls, missile launchers, etc. Spencer © 

Thermostat Div., Metals & Controls Corp., Attleboro, Mass. 

Type SN-2146B Audio Beam Power Amplifier. Makes use of stacked ceramic > 
Vard- construction; is capable of 4.5 watts power output under class A conditions. 
Sylvania Electric Products Inc., 1740 Broadway, New York 19, N.Y. } & = oo} ns, 
Model 198 Transistor Amplifier. Claimed to be the only commercially avail- 
able transistor amplifier with a 1% closed-loop gain stability from —60° to ' oe a oe elas 
+125°C. Taber Instrument Corp., Sect. 40, N. Tonawanda, N.Y. 
“a Series 17,000 High-Power Coaxial Switch. For use where high power is re- = Z, Oo ss foe 
quired for frequencies up to 5,000 MC; weighs 4'/,lbs. Transco Products, 
unit Inc., 12210 Nebraska Ave., Los Angeles 25, Calif. ‘ = a5) ° . 
rnold Transfer Coaxial Switch. Permits crossover and/or double-pole transfer : 
switching of coaxial cable. Transco Products, Inc., 12210 Nebraska Ave., ; FoI 
_Los Angeles 25, Calif. 
ates Silicon Transistors. Bulletin No. TE1353 gives complete technical data on ’ = cz : 
company's line. Transitron Electronic Corp., Wakefield, Mass. 
, Model Wpl-5/8 Precision Potentiometer. 1°/, in. size for linear and non- pe. Z, : : 
, linear applications; resistance values from 1/2 to 500,000 ohms with stand- 3 _ . “aa 
_ ard linearity of 0.5% are available in this new model. Waters Mfg., Inc., | : Anes 
stall. Boston Post Rd., Wayland, Mass, 
ance DRAFTING ROOM, PRODUCTION, & MISC. EQUIPMENT : 
Portable Nibbler Cuts Titanium. Model HN cuts up to 55 in. per min. with- 
distortion on either side of the cut. Fenway Machine Co., Willow Grove, - 
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Model #CV 10-12 Jet Blast Fence. Designed to deflect jet blast streams up- 
ward at a vertical angle allowing safe jet aircraft parking on crowded aig. 
ports. Food Machinery & Chemical Corp., John Bean Div., 1115 Coleman 
St., San Jose 4, Calif. 


“RESEARCH & TEST EQUIPMENT 


Environmental Testing Laboratory. Brochure describes facilities and equip- 
ment used to perform such tests as vibration, high and low temperature, 
humidity, altitude, acceleration, etc. Associated Testing Laboratories, 
Inc., 414 Clinton Rd., Caldwell, N.J. 

Type 6010 Precision Delay Generator. 4-page brochure describes unit for ap. 
plications requiring accurate, variable, time interval pulses. Burroughs 
Corp., Electronic Instruments Div., 1209 Vine St., Philadelphia 7, Pa. 

Portable Mach Calibrator for Pitot Static Instruments. May be used on flight 
lines to check and test all aircraft instruments and systems functioning by 
either pitot or static pressure; features a self-contained motor and pump 
system and a regulator system which permits simulation of sea-level condi- 
tions regardless of airport altitude. Burton Mfg. Co., Santa Monica, Calif. 

Mode! 251 Analog Computer Multiplier. This unit generates a voltage propor- 
tional to the instantaneous product of two arbitrary input voltages from d.c. 
to 5 ke. with less than 5 usec. delay. Chadwick-Helmuth Co., 472 E. Duarte 
Rd., Monrovia, Calif. 

Model 21A Pushbutton Test Oscillator. Features all-transistor circuitry, 
printed wiring, and self-contained power supply; provides eight preset fre- 
quencies (user-specified ) within the range of 15 cycles to 150 ke. at a source 
impedance of less than 0.5 ohm. Consolidated Electrodynamics Corp., 325 N. 
Altadena Dr., Pasadena, Calif. 

Type 4-317 High Temperature Pressure Transducer. Permits accurate meas- 
urements of pressures up to 5,000 psig; can be operated continuously at 5 
volts maximum input over a temperature range of —350° to +600°F. with 
allowable transients up to +750°F. Consolidated Electrodynamics Corp., 300 
N. Sierra Madre Villa, Pasadena, Calif. 

Static Test Deflection Sensor. For aircraft, missile, and general static struc- 
tural test ear pe eed unit measures deflection over +10 and +48 in. with 
an accuracy of +0.5%. Frank R. Cook Co., 36S. Santa Fe Dr., Denver 23, 
Colo 

P900 Reluctance-Type Pressure Transducer with D.C. Output. Suited for 
air-borne test stand and laboratory applications. Datran Electronics, 3615 
Aviation Blvd., Manhattan Beach, Calif. 

Automatic Micrometer for Compressible Material. This digital read-out unii 
can measure fragile nonconductors to within twenty millionths of an inch, 
J. W. Dice Co., Englewood, N.J. 

Model DI-3 Test Chamber. Covers a range of temperatures from — 100° to 
+300°F.; features low mass microhm heating unit and dry ice cooling with 
by-pass damper for economical operation; dimensions are 18 by 18 by 18 in. 
Environmental Equipment Co., 369 Linden St., Brooklyn 27, N.Y. 

Model 1635 Universal Vibrograph. A portable mechanical instrument for 
measuring and recording vibrations and accelerations on airplanes, helicop- 
ters, etc.; weighs 27Ilbs. Epic, Inc., 154 Nassau St., New York 38, N.Y. 

Mode! 12000-A Lightweight, Mobile Jet-Engine Run-Up & Test System. 
Capable of conducting complete engine run-up tests on all jet engines with- 
out the need for permanent concrete and steel structures. The Essig Co, 
4063 Radford Ave., N. Hollywood, Calif. 

Model 170 Portable Force Calibrator. For calibrating existing weight, force, 
and thrust measuring systems; weighs 40 lbs.; has direct digital readout. 
Gilmore Industries, Inc., 5713 Euclid Ave., Dept. 5030, Cleveland 3, Ohio. 

Altitude Temperature Test Chamber. Nested altitude chamber lifts out to 
provide independent high-low temperature and altitude test units. Mantec, 
Inc., 126 Maryland St., El Segundo, Calif. 

‘‘Parabar’’ Test Unit Provides Pressures to 30,000 Atm. This new research 
tool permits determination of compressibility, polymorphic transition, elec- 
trical resistance, and other physical properties of solids and liquids. Nucor 
Research, Inc., 2421 Wolcott Ave., Ferndale 20, Mich. 

“‘Dynograph”’ Direct Writing Oscillograph Recorder. Type 503 is designed 
for applications requiring more than eight channels of information on one re- 
cording chart; up to 19 recording channels are available in this unit. Offner 
Electronics Inc., 5820 N. Kedzie Ave., Chicago 285, III. 

Missile Weighing System. For determining center of gravity of missiles and 
similar objects; employs two load cells feeding into a digital reading weight 
indicator. Performance Measurements Co., 15301 W. McNichols Rd., De- 
troit 35, Mich. 

Program Scanner. This all-electronic unit converts a curve drawn on graph 
paper into a voltage to be used to program radiant heat, test load, and 
other control, programing, or computing applications. Spar Engineersng 
& Development, Inc., Paxson & South Aves., Wyncote, Pa. 

Electrical Vacuum Gages. For continuous and accurate measurement of very 
low absolute pressure; models are available in three pressure ranges—l1 to 
va microns, 1 to 1,000 microns, and 1 to 20,000 microns. F. J. Stokes Corp., 

500 Tabor Rd., Philadelphia 20, Pa. 

Oadieenes Shadow-Screen Intensifies Image in Bright Light. This new 
device is a thin sheet which fits directly in front of the scope face blocking off 
ambient light that blurs the cathode ray tube image. Van-Dee Products, 
300 Ocean Ave., Laguna Beach, Calif. 
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“FORCES OF NATURE.” 
another in a collection of 
paintings by Simpson 
Middleman, two talented 
artists who find in the natural 
sciences the subject matter 
for their contemporary 
expressions. Courtesy John 
Heller Gallery, Ine. 


Explore the secrets of nature —at Boeing 


Boeing scientists and engineers, using some of the most 

advanced privately-owned facilities in the country, are exploring new levels of understanding 
and control of the forces of nature. 

Extreme altitude environments, and the combination of air action and high temperatures 
encountered in hypersonic flight are two of many typical areas of study and 

development at Boeing. Others are inertial and electronic guidance, chemical 

fuel propulsion and the management of advanced, years-ahead guided missile weapon systems. 
If work at this level of engineering and scientific sophistication appeals to you, 

get in touch with Boeing. You'll find here stimulating assignments along the very frontiers 

of knowledge. You'll find both challenge and reward 


—and an opportunity to grow in stature, BOLING 


Drop a note now to John C. Sanders, Engineering Personnel Administrator, Boeing Airplane Company, Department A-69, Seattle 21, Washington 
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Convairs Supersonic Deltas... B-58, FIOZA, 
KEYSTONES OF 
AMERICAN AIR POWER 


Convair, by developing and rerfecting delta-wmg 
aircraft, has provided significant new keystones 
of capability for both the Strategic and Defense 
missions of the U.S. Air Foice. 


America’s first supersonic Bomber, the B-58, was 

developed and is being built at CoNvAIR-FoRT ¥ 
Wortu for the Strategic Air Command. America’s 

first supersonic, all-weather Interceptor, the 

F-102A, and its advanced successor the F-106, 

were designed and are being built at Convair- 

San Dieco for the Air Defeiise Command. 


CONVAIR a pivision oF GENERAL DYNAMICS CORPORATION 
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